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tion (DT) research by deconstructing the literature's underly-
ing assumptions and analysing their correspondence with
current theory. To do so, we conduct a problematization
review across the fields of IS, strategy and entrepreneurship,
organisation theory and management studies, to capture the
multidimensionality of DT research. Unlike systematic litera-
ture reviews commonly found in DT research, a
problematization review critically questions how theoretical
contributions have been constructed in past research to
develop novel theoretical questions. Our findings offer three
contributions. First, we uncover five research trajectories,
each with its own in-house assumptions about the nature of
digital technologies and how organisations, groups and indi-
viduals interact with those technologies and the data they
generate. Second, we show how individual studies within the
identified research trajectories position themselves against
prior research, pointing at six distinct processes of con-
structing theoretical contributions. Finally, we mobilise new
frontiers of research by questioning DT research field

assumptions that cut across the five research trajectories. We
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conclude by discussing the theoretical implications of our

problematization review for further DT research.

KEYWORDS
digital transformation (DT), DT frontiers, DT research trajectories,
field assumptions, problematization review

1 | INTRODUCTION

Digital Transformation (DT) research largely reflects an organisational-level narrative about the need for strategic
change through the development of new business models with digital technologies (Hanelt et al., 2021; Verhoef
et al,, 2021). For example, the strategic management literature raises questions about the nature of the firm and
competition in light of multi-sided platform ecosystems (Jacobides et al., 2018; Kretschmer et al., 2022) that render
firm strategies interdependent in ways that traditional strategic ‘positioning’ does not (Menz et al., 2021). In the
information systems (IS) literature, researchers have examined how new digital technologies have challenged existing
socio-technical structures with implications for value creation processes (Baiyere et al., 2020; Nambisan et al., 2017
Vial, 2019; Wessel, Baiyere, Ologeanu-Taddei, Cha, & Blegind-Jensen, 2021).

While DT has high strategic relevance for organisations and attracted attention across research fields, it is
important to further explore the dimensions of DT. DT is multidimensional, it is important to challenge our assump-
tions about how organisations strategize, compete, and create value with different technologies. DT also challenges
our assumptions about, for example, how organisational practices are remotely managed through algorithms
(M6hlmann et al., 2021), and how smart contracts in blockchain infrastructures challenge our views of decentralised
technology governance (Halaburda et al., 2023).

Most past reviews on DT research have largely adopted a systematic approach to synthesise he literature
(Hanelt et al., 2021) and to create a theoretical framework for studying DT (Vial, 2019). Systematic literature reviews
are valuable in achieving construct clarity by summarising the empirical findings described in previous research and
the theoretical insights derived from those (Vial, 2019). Systematic literature reviews are also great in identifying
gaps in past research and providing a framework for positioning new research (Okoli, 2015).

However, exactly because digital technologies are emerging, that is, they are “always changing and adapting”
(Bailey et al., 2022), our exploration of the various dimensions of DT “does not lie in validated knowledge, but rather
in the suggestion of relationships and connections that had not previously been suspected, relationships that change
actions and perspectives” (Weick, 1989, p. 524). In other words, to advance we cannot depend on simply reviewing
past research to synthesise perspectives, but rather in problematizing anomalies in past knowledge to generate
opportunities for novel ways of thinking (Alvesson & Sandberg, 2020).

In contrast to systematic literature reviews, problematization reviews are not meant to identify gaps in order to
formulate new research questions, in fact, quite the opposite (Sandberg & Alvesson, 2011). Problematization reviews
critically question how theoretical contributions have been constructed in past research to develop novel theoretical
questions (Alvesson & Sandberg, 2020). As others have stressed, there is a need to problematize how research from
diverse fields have theorised DT phenomena while “question[ing] the explanatory power and usefulness of extant
theory and assumptions” (Monteiro et al., 2022). Problematization reviews are well suited in unearthing the multi-
dimensionality of DT to mobilise new research frontiers (cf. Dolata et al., 2022; Gkeredakis & Constantinides, 2019).

In this paper, we conduct a problematization review of the literature on DT research spanning two decades
(2000-2023) and journals across the fields of IS, strategy and entrepreneurship, organisation theory and manage-
ment studies. We use a bibliometric method (i.e., citation analysis) to identify a core corpus of DT studies
(Alvesson & Sandberg, 2020). In this effort, while acknowledging the breadth of research on DT, we “read broadly
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but selectively... [by] focus[ing] on some core and representative readings within the target (sub)domain”
(Alvesson & Sandberg, 2020, p. 1298). Core and representative readings are influential in creating new research tra-
jectories so that subsequent studies build on these readings to to extend key theoretical constructs and frameworks
incrementally. These readings do not represent all research on a topic, but influence how others construct theoretical
contributions. Thus, in a broad but selective reading, the key goal is not to be comprehensive in our review, but
rather to identify path creating studies from which we can trace the map of theoretical assumptions about DT phe-
nomena. Following Locke and Golden-Biddle's (1997) method of problematizing literature, we examine how past
research constructs theoretical contributions. We then identify key assumptions in this theorising and mobilise new
frontiers for research.

We make three contributions that are closely related to the key objectives of the special issue. First, we provide
evidence of five research trajectories generated by the studies in our core corpus and fuelled by subsequent studies.
These fundamental research trajectories focus on digital technology architectures, digital business models and new
forms of value creation, new organisational forms enabled by digital technologies, digital technology affordances and the
relationality of work practices, and the role of organisational identity, culture, and leadership in DT. We find that each of
these research trajectories makes unique “in-house assumptions”—that is, assumptions accepted as unproblematic
by a particular school of thought (Alvesson & Sandberg, 2011)—about the nature of digital technologies, but also
about the ways in which organisations, groups and individuals interact with those technologies and the data they
generate. At the same time, we also find that many of these research trajectories depend on the same “field assump-
tions”—that is, a broader set of assumptions about digital technology that are shared by several different schools of
thought (Alvesson & Sandberg, 2011). We show, for example, that the research trajectory on new organisational
forms enabled by digital technologies has made assumptions about how organisations form collaborative relationships
outside of arms-length contract agreements that rely primarily on technological modularity (Jacobides et al., 2018).
While the focus is on the new nature of economic activity and the co-opetition between firms (the in-house assump-
tions), there is also an acknowledgement of the nature of digital technology, in particular its modularity, that cuts
across other research trajectories (the field assumptions). Identifying both the in-house and the field assumptions is
important for (a) understanding the incremental innovations to knowledge within each research trajectory, and
(b) identifying those path breaking studies that mobilise new research froniters. These are important points to which
we return to in our third contribution below.

Second, we problematize how studies in the five research trajectories on DT position themselves in relation to
earlier research in order to construct theoretical contributions. We unearth six processes, including synthesising,
extending, and negating extant knowledge, but also identifying oversights, filling incomplete knowledge, and pointing at
the incommensurability of our knowledge. We provide evidence for these processes even in more recently published
research, extending our findings beyond the core corpus of studies. For example, the research trajectory on digital
technology architectures has relied on the in-house assumption that digital technologies such as mobile application
platforms engender unbounded growth—that is, “generativity”—compared to internally developed software systems
(Henfridsson & Bygstad, 2013; Tilson et al., 2010; Yoo et al., 2010). Subsequent studies have extended this research
trajectory by pointing at two types of generativity, namely, product generativity (Cennamo & Santald, 2019) and user
generativity (Shaikh & Vaast, 2016). Yet, more recent research has synthesised these two types of generativity to
show that generativity does not always lead to growth, but can be bounded (Firstenau et al., 2023). Unearthing
these processes of constructing theoretical contributions is important for understanding how researchers within the
same research trajectories challenge in-house assumptions, but also how they occasionally acknowledge the limita-
tions of our current perspectives (esp. those pointing at the incommensurability of our knowledge).

Third, and following from the above, we establish links between key research trajectories and core theoretical
assumptions, as well as ways of constructing theoretical contributions in DT research (i.e., how theoretical contribu-
tions are made) with implications for mobilising new frontiers into DT phenomena (i.e., what important, novel ques-
tions we should pursue). In particular, we argue that if we are to create entirely new research trajectories, we need

to focus less on in-house assumptions and more on field assumptions. Challenging field assumptions are more
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complex than in-house assumptions because the former are shared across schools of thought and rarely critiqued.
Still, if we are to mobilise new frontiers of research on DT, we need to break the mould of established research tra-
jectories, thus, moving beyond in-house assumptions. We discuss how further research can challenge the field
assumptions identified in our problematization review to create new research trajectories in DT. This becomes par-
ticularly important when emerging digital technologies generate new challenges to the ways of organising business

and social practices, as in the case of generative Al.

2 | APROBLEMATIZATION REVIEW OF THE LITERATURE ON DIGITAL
TRANSFORMATION: IDENTIFYING KEY RESEARCH TRAJECTORIES AND
ASSUMPTIONS

2.1 | Inherent value of problematization reviews

To synthesise and analyse prior studies, systematic literature reviews (SLR) and problematization reviews represent
two distinct methodologies, each serving a unique purpose with differing approaches. Both systematic literature
reviews and problematization reviews hold essential roles within the academic and research domains. Understanding
these differences is vital for researchers. While systematic reviews serve as the groundwork for comprehending cur-
rent knowledge, problematization reviews act as catalysts for challenging established paradigms and triggering shifts
in academic thought.

SLRs are established methodologies aimed at identifying, evaluating, and synthesising the existing knowledge on a
specific research question or topic. The primary goal is to provide an impartial and comprehensive overview of the cur-
rent state of knowledge within a particular field (Vial, 2019). They often involve assessing the quality of evidence and its
implications for evidence-based decision-making (Hanelt et al., 2021). Systematic reviews may also encompass activities
such as identifying gaps in existing research (Verhoef et al., 2021). Problematization reviews, on the other hand, center
on the critical examination of the underlying theoretical and conceptual foundations in a specific domain of study
(Dolata et al., 2022). These reviews aim to identify and challenge the assumptions, theories, and paradigms that underpin
established research (Alvesson & Sandberg, 2011). Their principal objective is to introduce fresh perspectives and novel
research directions, thereby expanding the intellectual boundaries of a given field (Alvesson & Sandberg, 2020).

Further, SLRs adhere to a highly structured and replicable methodology, encompassing comprehensive literature
searches, well-defined selection criteria, rigorous data extraction, and assessments of quality and relevance
(Vial, 2019; Webster & Watson, 2002). They prioritise objectivity, comprehensiveness, and transparency, and often
employ quantitative analysis and statistical techniques (Kraus et al., 2021). In contrast, problematization reviews
adopt an interpretive methodology (Gkeredakis & Constantinides, 2019). They rely heavily on qualitative analyses
and in-depth engagement with existing literature (Locke & Golden-Biddle, 1997). These reviews emphasise the criti-
cal exploration of the theoretical foundations of research within a specific field, encouraging the identification of
conceptual limitations and the challenging of conventional wisdom (Alvesson & Sandberg, 2011, 2020).

In summary, both problematization reviews and SLRs have their strengths and limitations and each serves different
objectives. In this paper, aligned with the objectives of the special issue, we were interested in mobilising new frontiers
in DT research. As such, we adopted a problematization review as the preferred approach to stimulate a reexamination
of the fundamental assumptions in IS research, potentially introducing fresh perspectives by questioning whether the

existing theoretical foundations are adequate for explaining the emerging dimensions of DT.

2.2 | Corpus building

As a first step in our problematization review of the literature on DT research, we reviewed papers published from

2000 to 2023 in IS journals (MIS Quarterly, Information Systems Research, Journal of Management Information Systems,
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Journal of the Association of Information Systems, Information and Organisation, European Journal of Information Sys-
tems, Information Systems Journal, Journal of Information Technology, the Journal of Strategic Information Systems, Deci-
sion Support Systems, Information & Management, and International Journal of Electronic Commerce), as well as journals
representing organisation theory, strategy and management (Administrative Science Quarterly, Management Science,
Academy of Management Journal, Academy of Management Review, Journal of Management, Organisation Science, Stra-
tegic Management Journal, Journal of Management Studies, Research Policy, Journal of Business Venturing, Organisation
Studies, Strategic Entrepreneurship Journal, and Journal of Business Research). To be inclusive in our search, we used a
combination of the following stem keywords: (“digital” and “disrupt”) or (“digital” and “transform”). To reduce the
search string's length and avoid listing all alternative word forms, the truncation symbol (*) was applied. We searched
two well-known electronic databases, Web of Science (WoS) and Scopus, to identify all relevant studies (Kohli &
Melville, 2019).

Given our understanding of digital transformation as emerging, “always changing and adapting” (Bailey
et al, 2022) we were interested in theoretical accounts of digital technology across multiple dimensions. Such
accounts included not only an emphasis on the technology characteristics, but also on the ways by which different
technologies afforded new business models, the organising of economic activity, and work practices. We used a
bibliometric method (i.e., citation analysis) to identify a core corpus of DT studies (Zupic & Cater, 2015). Starting
from the most cited papers in our core corpus we were able to begin to identify these dimensions across disciplines.

We then applied backward and forward searches on these highly cited papers (Webster & Watson, 2002) to
uncover subsequent studies that helped build and sustain research trajectories around the identified dimensions.
This additional analysis help us to uncover publications that did not include our stem keywords in our search. These
included, among others, the ground breaking papers by Leonardi (2011) and Orlikowski and Scott (2008) on
sociomateriality. Furthermore, to build our core corpus, we used citation data in the form of top-N lists of the most
cited studies and journals to measure of influence (Zupic & Cater, 2015). Citation analysis as a science mapping tech-
nique reflects intellectual linkages between publications that are formed when one publication cites the other (Appio
et al., 2014). We identified highly cited and most influential papers as the intellectual core. The details of these
papers can be found in Table A1.

To clarify how we reached in-house and field assumptions, the first two authors carried out the initial coding of
the core corpus and subsequent studies (following forward and backward citation analysis) to identify in-house and
field assumptions (as presented in Table 1). As a first step, the first two authors checked each other's coding schemes
to evaluate whether different papers were coded consistently. The coding scheme was based on many iterations of
coding to gain a deep understanding of our data (Birks et al., 2013; Gerlach & Cenfetelli, 2020). This coding scheme
was then subjected to scrutiny by the other two authors until theoretical saturation was reached. Theoretical satura-
tion is achieved when there are no more instances of the codes in the data, and until there are no new conceptual
categories or relations to be observed (Urquhart et al., 2010). All authors engaged in iterative discussions, by using
data from the papers to reach consensus regarding the codes (in-house assumptions, field assumptions) and concep-
tual categories (research trajectories). Theoretical sampling with data from the papers and constant comparison and
assessment of these codes and categories made it possible to arrive at theoretical saturation (Urquhart et al., 2010).

To provide more clarity on identification of research trajectories, we used the core corpus of highly cited papers.
What distinguishes a research trajectory from a theme is that the former is a higher level of abstraction than the lat-
ter. For example, the research trajectory “digital technology architectures” incorporates themes on re-
programmability, generativity, open innovation, etc., and represents a tradition or school of thought (Alvesson &
Sandberg, 2011). Each research trajectory has in-house assumptions that are unique (i.e., not shared with other tra-
jectories) as well as field assumptions that are shared with other research trajectories. In the same way that we
coded for in-house and field assumptions, we also coded for the aggregate level labels of the research trajectories.
That is, the first two authors devised a coding scheme that the other two authors scrutinised. Essentially, following
established qualitative analyses (Gioia, Corley, & Hamilton, 2013), we started with a text from our reviewed papers

to derive in-vivo codes of digital transformation themes (e.g., generativity)—as seen in Table 2. Then, we iteratively
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consolidated redundancies and gradually collapsed our in-vivo codes into first-order categories—that is, the in-house
assumptions. We discussed any discrepancy in the interpretation, shifting back to data coding whenever necessary.
Following this, we then progressed into second-order codes, reflecting a higher level of abstraction of our first order
categories—that is, the field assumptions. Finally, we differentiated in-house assumptions into groups corresponding
to higher-level aggregate themes that encompassed second order codes—that is, our research trajectories. We dis-
cussed and critically evaluated this coding scheme until we arrived at the five research trajectories that summarised
our understanding of digital transformation across schools of thought. Details of the coding for our core corpus can
be found in Table A2.

From this core corpus and their co-citation network of subsequent studies we identified five fundamental
research trajectories, including a theoretical focus on digital technology architectures, digital business models and new
forms of value creation, new organisational forms enabled by digital technologies, digital technology affordances and the
relationality of work practices, and the role of organisational identity, culture, and leadership in DT. Table 1 summarises

these trajectories that we discuss in more detail below.

2.3 | Research trajectory 1: Digital technology architectures

The first research trajectory focuses on digital technology architectures as the key to enabling DT within and across
organisations. This delves into the underpinning architectural foundations of digital technology and their pivotal role
in steering DT processes. It seeks to unravel the complexities of modular, agnostic technology structures, their gen-
erative potential, the transformative effects of data digitization, and the far-reaching implications of democratised
innovation paradigms within and across organisations. This trajectory offers critical insights into the dynamic inter-
play between technology architectures and the evolving landscape of digital innovation.

This research trajectory builds on a set of in-house assumptions. First, it assumes that digital technology rests on
layered and modular architectures that are agnostic to specific products, enabling them to be flexibly reused and rep-
rogrammed across industries (Yoo et al., 2010). This adaptability fosters innovation and streamlines the development
process, as common foundational elements form the backbone of numerous digital solutions. Secondly, this research
trajectory assumes that digital technology is generative and can induce growth in modular components and users
alike. This generativity allows modular components to evolve and diversify to meet a broad spectrum of needs, while
users (including entrepreneurs) actively participate in creating and enhancing digital platform ecosystems (Furstenau
et al., 2023). Although, this dynamic interaction fosters continuous growth and adaptability within the digital realm,
it also presents a challenge in terms of control and governance.

Another key assumption revolves around the digitization and homogenization of data (Yoo et al., 2010). Digital
technology plays a vital role in transforming data into a format that is both digitised and homogenised, facilitating
seamless access and sharing across different devices and networks (Tilson et al., 2010). This transformative capability
ensures that data can be used efficiently and effectively by users and organisations alike, regardless of the specific
devices or networks that they employ.

The final assumption highlights the influence of digital technology on innovation paradigms. It fosters open, dis-
tributed innovation across a spectrum of heterogeneous firms and third parties. While this democratisation of inno-
vation is immensely empowering, it also blurs the traditional boundaries of organisations. It engenders collaborative
ecosystems where multiple stakeholders contribute to and benefit from the innovation process. However, this
democratisation also brings forth complex governance and control challenges, as digital technologies' ownership and
direction become contested issues among diverse participants (De Reuver et al., 2018).

In summary, the four in-house assumptions underpinning the digital technology architecture focus on
technology's modular and agnostic nature, its generative potential, the digitization and homogenization of data, and
the democratisation of innovation.
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24 | Research trajectory 2: Digital business models & new forms of value creation

The second research trajectory focuses on digital business models and their profound influence on the nature of
competition. These models have redefined competition, transcending geographical boundaries and shifting the focus
from traditional products to agile digital services. This transformation intensifies rivalry, prompting companies from
diverse markets to adapt to this new global competitive landscape. The trajectory also highlights the evolving
demands of consumers in the digital age. They seek to reshape traditional value creation approaches through
personalised, on-demand access to digital services via smart devices. Moreover, digitalizing business processes and
data digitization offers cost efficiencies and improved customer experiences. Put simply, this research trajectory
emphasises how digital business models drive the shift from local to global competition, foster the demand for
personalised digital services, enhance operational efficiency, and elevate customer experiences. These changes pave
the way for innovative forms of value creation.

Given this focus, the first assumption made by studies in this research trajectory is that digital technology has
changed the nature of competition. Digital technology has helped organisations transcend geographical boundaries
and alter the traditional focus on physical products to a more dynamic digital services approach (Chanias
et al., 2019). This shift has intensified rivalry, fostering competition even among companies that once occupied
completely different markets. The lines between industries have blurred, so companies must adapt to a new para-
digm of global competition.

The second assumption centres on the evolving demands of consumers, who now wield significant influence in
the digital age. There exists a greater impetus for on-demand, personalised access to digital services through smart
devices (Li & Tuunanen, 2022). DT's rising trend has profoundly influenced how consumers interact with products
and services. With the rise of smart devices and the growing demand for improved personalised experiences, tradi-
tional value creation paradigms have evolved significantly (Hein et al., 2019). This dynamic shift in focus on the end
user experience has reshaped how value is created with end consumers as active participants.

The third assumption stresses the remarkable benefits derived from the digitalization of business processes and
the digitization of data. On the one hand, this transformation has yielded substantial cost efficiencies, enabling com-
panies to optimise their operations and resources (Loebbecke & Picot, 2015). On the other hand, customers enjoy
enhanced experiences, thanks to the wealth of data-driven insights that inform businesses' decisions and actions.

Last but not least, the fourth in-house assumption held in this trajectory recognises the role of digital technology in
catalysing novel business models such as the rise of Software-as-a-Service (SaaS). The emergence and growth of soft-
ware as a service (SaaS) has fundamentally changed the way software can be delivered, used, and managed. Saa$S repre-
sents a new software delivery and pricing model, in which the vendor hosts, maintains, and manages the application
from a central location; serves clients over a network; and charges based on usage (Guo & Dan, 2018). Such innovative
models disrupt traditional industry structures while creating opportunities for economies of scale and scope.

In conclusion, these four in-house assumptions collectively illuminate how the research trajectory on new busi-
ness models focus on the shift from local to global competition, the demand for personalised digital services, the cost
efficiencies and improved customer experience achieved through digitalization, and the emergence of innovative

business models for economies of scale and scope, all of which generate new forms of value creation.

2.5 | Research trajectory 3: New Organisational forms enabled by digital technology

This research trajectory focuses on the paradigm-shifting impact of digital technologies on how economic activities
are organised. While previously, organisations would rely on hierarchical integration of resources and capabilities to
serve their customers, they now provide foundational components, which serve as the building blocks for seamless
integration of third-party specialised solutions on digital platform ecosystems (Constantinides et al., 2018; Jacobides
et al., 2018).
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This research trajectory holds a strong in-house assumption that digital technology heralds the emergence of
digital platform ecosystems that revolutionise industries and challenge conventional business paradigms. These eco-
systems represent a unique form of meta-organisation in which a central hub firm lays the foundation by providing
core components (Kretschmer et al., 2022) that serve as building blocks upon which third-party complements can be
seamlessly integrated (Jacobides et al., 2018). The result is a collaborative ecosystem that transcends traditional
industry boundaries and enables new entrepreneurial networks (Autio et al., 2018). Hub firms act as enablers of
value creation, while third-parties contribute diverse and specialised solutions (Adner, 2021).

Another in-house assumption is the role of resources and capabilities within digital ecosystems. Ecosystem rela-
tionships depend on the co-specialisation of these resources among diverse firms (Brueller & Capron, 2021). A key
insight is that one firm's value proposition often hinges on another's complementarity. This co-dependence under-
scores the intricate web of digital ecosystems, where companies from various backgrounds must collaborate to
deliver holistic and compelling solutions (Adner & Lieberman, 2021). An illustrative example lies in the synergy
between firms providing smart energy meters and smart home apps, where the value is amplified through co-
specialisation.

The third assumption revolves around the extraordinary potential of platform ecosystems to foster open and dis-
tributed innovation. These ecosystems serve as fertile ground for many heterogeneous firms and third parties to
come together in pursuit of progress (Gawer, 2014). However, sustaining such ecosystems requires specific gover-
nance mechanisms. These environments' inherent openness and decentralisation require a delicate balance between
collaboration and control. Effective governance structures must be in place to nurture cooperation, incentivise con-
tributions, and ensure equitable resource allocation (Chen et al., 2021). Achieving this balance is crucial for the long-
term sustainability of platform ecosystems (Chen et al., 2022).

2.6 | Research trajectory 4: Digital technology affordances and the relationality of
work practices

The fourth research trajectory focuses on the transformative potential of digital technology in reshaping work prac-
tices within organisations. This trajectory highlights that digital technology does not impose change by default;
instead, its impact varies based on how individuals utilise it, their abilities, and the context of their work practices.
Moreover, this research trajectory emphasises that the influence of digital technology extends to the construction
and accessibility of data, underscoring the significant role data plays in DT.

A key in-house assumption of this research trajectory focuses on how digital technology affords opportunities
for action that can transform existing work practices (Leonardi, 2011; Leonardi & Vaast, 2017; Sergeeva et al., 2020).
Digital technology does not transform organisations by default; rather, individual workers within organisations will
use technologies differently, according to their own abilities, the constraints in their work practices, and their existing
professional boundaries and interpersonal relationships. This is particularly true of algorithmic technologies, such as
Al-enabled diagnostic tools that are meant to automate or augment existing work practices, while in reality they
become contested or used with bricolage by professionals (Lebovitz et al., 2021; Willems & Hafermalz, 2021).

A second assumption is that the affordances of digital technology are also relational to how data are constructed
and made available for use by different actors. Data are not given, but rather co-constituted in institutional and tech-
nological practices, including policies for data access and sharing, but also design decisions around data labelling and
learning processes that feed into algorithmic technologies (Monteiro & Parmiggiani, 2019). As such, data is an impor-
tant asset in DT, but it also shapes how such transformation occures.

Finally, another key assumption of this research trajectory is that digital technology is not only a force for DT,
but also of organisational inertia. Not only does digital technology create waves of digitization that generate new
business models and forms of value creation, it also creates “corollary effects” that displace current work practices
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(Scott & Orlikowski, 2022). Such displacement undermines the very process of DT as it causes organisational actors
to rethink the purpose and use of digital technology vis-a-vis current work practices.

In summary, these three in-house assumptions collectively underscore a critical (and performative) understand-
ing of DT, in contrast to the previous trajectories.

2.7 | Research trajectory 5: The role of organisational identity, culture, & leadership
inDT

This research trajectory emphasises the profound influence of organisational identity, culture, and leadership in
DT programs. This trajectory sees an organisation's core values, power dynamics, and control mechanisms as integral
pieces of a big puzzle that organisations need for effectively utilise digital technologies. This trajectory underscores
the substantial role of organisational identity, rooted in senior management's vision, deeply ingrained in the comp-
any's cultural fabric, and how it significantly impacts DT endeavours.

The first in-house assumption emphasises on organisational identity, internally defined by senior management and
embedded in the company's culture, and its undeniable role in DT (Wessel, Baiyere, Ologeanu-Taddei, Cha, &
Jensen, 2021). Identity broadly represents the organisation's purpose, value proposition, and its values concerning its
employees, customers, and broader ecosystem stakeholders (e.g., commitment to green values, open-source software
etc.). As such, identity is also externally defined by partners, customers, and other stakeholders, who come to recognise
the organisation as belonging to an organisational category (Tripsas, 2009). Organisational identity acts as a guiding force
that can either facilitate or hinder DT efforts. When identity is aligned with the changes wrought by digital technologies,
it can inspire employees and drive innovation. Conversely, resistance can arise when DT challenges or contradicts this
identity (Kane et al., 2019; Lucas Jr & Goh, 2009). These internal dynamics wield considerable influence over how orga-
nisations navigate the digital landscape (Tripsas, 2009; Wessel, Baiyere, Ologeanu-Taddei, Cha, & Jensen, 2021).

Another key in-house assumption is that digital technology must be legitimised to remove any uncertainty
around its intended use (Dahabiyeh & Constantinides, 2022; Faik et al., 2020). First, it must be legitimised internally,
aligning with the existing capabilities, organisational routines, and the organisation's cultural values (Lucas Jr &
Goh, 2009). Second, digital technology must be legitimised externally, particularly when it involves partnerships with
digital technology providers. Building trust and credibility in the broader digital ecosystem is essential to the success
of DT initiatives (Thomas & Ritala, 2022).

Finally, this research trajectory assumes that inertia is created within organisations as a consequence of legacy
systems, organisational routines and mindsets that pose significant obstacles to DT. Identity, culture and leadership
form the “deep structure” of organisations that is very difficult to change, often requiring long-term organisational
transformation (Besson & Rowe, 2012; Heracleous & Barrett, 2001).

3 | CONSTRUCTING THEORETICAL CONTRIBUTIONS IN DT RESEARCH

Having identified the aforementioned research trajectories on DT, including their in-house and field assumptions,
the next step in our problematization review was to examine how individual studies within these trajectories position
themselves against earlier research to construct theoretical contributions. We draw on Locke and Golden-Biddle's
(1997) problematization method to understand how DT researchers contribute to knowledge. We identify six pro-
cesses including synthesising, extending, and negating extant knowledge, but also identifying oversights, filling incom-
plete knowledge, and pointing at the incommensurability of our knowledge. These processes are summarised in Table 2
with examples from representative studies. We do not differentiate which of these processes are utilised in each
research trajectory, because we find that researchers across these trajectories use the same processes. We discuss

these below in more detsail.

85U807 SUOWWOD @A1RRID 3ol jdde au) Aq pausenob ae ssjole YO ‘88N JO $3|nu Joj AeiqITaUIIUO 8|1 UO (SUO I IPUOD-PUE-SWLBIALIOD A8 |1MAle1q 1[BUU0//Sd1Y) SUONIPUOD pue SWLB | 3Y} 835 *[7202/90/€0] Uo A%iqiaulluo &M ‘essyoue i JO Aisieaiun 8y L Aq TEGZT BITTTT OT/I0p/wW0d A im Akeiquljuo//:sdny Wwoly papeo|umoq ‘0 ‘G.G2G9ET



ASHRAFI ET AL WI LEY | 17

3.1 | Synthesising knowledge

A first process of constructing theoretical contributions is the synthesis of prior knowledge. Several papers in our
review emphasise the importance of paying attention at the commonalities between perspectives—and identifying
where each perspective offers unique insights—to enable a deeper theorization of the DT under focus. Both the stra-
tegic management and IS literatures highlight the benefits of integrating insights from diverse disciplines and per-
spectives (Hanelt et al., 2021; Verhoef et al., 2021; Vial, 2019).

The process of synthesising knowledge leverages rhetorical practices such as, formulating general ideas by mak-
ing thematic characterizations between diverse perspectives; constructing congruent relationships by establishing
connections between divergent literatures or perspectives; and demonstrating a latent consensus by reinterpreting
current work on a particular topic (Locke & Golden-Biddle, 1997). For instance, to conceptualise the evolution of dig-
ital infrastructure, Henfridsson and Bygstad (2013) highlight the distinct thematic characterizations of digital infra-
structure from different perspectives, namely, positivism and interpretivism. They argue (Henfridsson &
Bygstad, 2013, p. 908):

“Covering the two main philosophical traditions in IS research, typically referred to as positivism and
interpretivism, extant infrastructure research displays slightly different foci. It tends to be occupied
with either situated contexts of practice, or directly observable managerial aspects. Adhering to inter-
pretivism, considerable attention has been paid to the evolution of digital infrastructure as it plays out
in the complex interdependencies between socio-technical elements (Braa et al. 2007); networks of
human and nonhuman actors; and the relationships between organized practices. In studies
underpinned by positivist assumptions, the research has primarily dealt with strategic IT portfolio

management and the alignment of IT imperatives with business strategy.”

The authors then propose critical realism as a way to bridge interpretivism and positivism, while also offering new
insights into the generative mechanisms of digital infrastructure evolution (Henfridsson & Bygstad, 2013). By reinterpreting
extant research on digital infrastructure through the lens of critical realism, the authors point at opportunities for a latent
consensus. Henfridsson and Bygstad (2013) target the first research trajectory—digital technology architectures- by syn-
thesising knowledge on assumptions about the generativity of digital technology (in-house assumptions).

Similarly, Hinings et al. (2018) point to how we can explain the combined effects of DT without necessarily seek-
ing insights from new theories. They argue that, while many scholars have called for a multiplicity of perspectives to
understand new digital technologies, there is a latent consensus about how we have always theorised change and
innovation, digital or otherwise; such a latent consensus can be understood through the lens of institutional theory.
This study targets the third research trajectory—new organisational forms enabled by digital technologies- by syn-
thesising knowledge on assumptions about rise of platform ecosystems (in-house assumptions).

In summary, synthesising knowledge from various disciplines underscores the value of multidimensional explora-
tion. It provides researchers a toolkit for unravelling the complexities of DT without being constrained to a

single lens.

3.2 | Extending knowledge

Whereas the first process is about the breadth of our knowledge on DT across perspectives, this second process is
about the depth of our knowledge within specific knowledge traditions and disciplines. It is about paying attention
to the cumulative knowledge and assumptions within a knowledge domain in order to uncover new research oppor-
tunities. In particular, studies that employ the process of knowledge extension use key rhetorical practices such as

constructing a cumulative progress by referencing the time devoted to a topic area to underscore the effort devoted
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to a domain; and uncovering new research directions by pointing to the existence of common themes in the cumula-
tive knowledge (Locke & Golden-Biddle, 1997). For example, Bharadwaj et al. (2013) start their introduction by
highlighting the progressive use of such constructs as IT strategy, business strategy, and IT alignment in extant
research, thus, pointing at cumulative knowledge and congruency within a community of IS researchers. Then they
convincingly argue that advancement in digital technologies is fundamentally reshaping business conditions and
boundaries, so it is time to move beyond the alignment view and rethink the position of IT strategy which is inter-

twined with every aspect of business strategy. Specifically they argue (Bharadwaj et al., 2013, p. 472):

“This working definition highlights (1) going beyond the traditional view, thinking of IT strategy as a
function within firms and recognizing the pervasiveness of digital resources in other functional areas
such as operations, purchasing, supply chain, and marketing; (2) going beyond systems and technolo-
gies, which might have narrowed the traditional views of IT strategy to recognize digital resources,

thereby being in line with the resource-based view of strategy...”

Then, they propose a set of new research themes that future studies should pay attention to, including (1) the
scope of digital business strategy, (2) the scale of digital business strategy, (3) the speed of digital business strategy,
and (4) the sources of business value creation and capture in digital business strategy. This study falls under the sec-
ond research trajectory, which focuses on digital business models and new forms of value creation. It seeks to expand
our understanding of assumptions related to the nature of competition and value creation (in-house assumptions).

Similarly, Agarwal et al. (2010) review existing studies on healthcare information technology (HIT) to establish
how research has progressed over the years while focusing on two themes, “the impact of HIT on health-care perfor-
mance and issues related to HIT adoption.” (Agarwal et al., 2010, p. 797). The authors then point at new “consequential
research opportunities ... for IS researchers to leverage existing IS research domains and craft new ones” (Agarwal
et al., 2010, p. 799). These include research on HIT design, implementation, and “meaningful use”; measuring and
quantifying of HIT payoff and impact; and extending the traditional domain of HIT by focusing on the patient's per-
spective, the internet and health and quality transparency and competition. This study is not necessarily confined to
a specific research trajectory as it includes an extensive research agenda for developing digital technology and its
application in healthcare. However, authors intend to extend current knowledge revolving around assumptions
related to digitization of data as well as economies of scale and scope (field assumptions).

Thus, extending knowledge helps to go deeper in our understanding of a research domain, while building on the

cumulative tradition.

3.3 | Negating knowledge

While previous processes concentrated on expanding and leveraging accumulated knowledge, this process advocates
for the negation of current knowledge paradigms and pushes scholars to explore new theoretical perspectives. It
contends that, DT requires scrutinising existing theoretical assumptions to build more suitable perspectives
(Gkeredakis & Constantinides, 2019). In particular, studies employing the process of negating knowledge utilised the
key rhetorical practice of constructing discord among researchers on a topic area, by pointing at the contentious
characterizations made by different studies, negating their findings and dichotomizing approaches (Locke & Golden-
Biddle, 1997). For example, as shown in Table 1, Lyytinen and Rose (2003) construct discord in the context of disrup-
tive innovation. The initial sentence highlights the importance of internet computing, but the text then explicitly
points out how extant literature understands this domain in contentious terms (Lyytinen & Rose, 2003, p. 558). They
go on to negate prior findings using phrases like “they identify neither necessary nor sufficient conditions”, and “They
also fail to provide empirical validation” (Lyytinen & Rose, 2003, p. 558). This study points at digital technology
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architectures as the research trajectory and focuses on negating knowledge on assumptions about distributed IT
innovation (field assumptions).

Similar to Lyytinen and Rose (2003), Nambisan (2017, p. 1030) seeks to negate earlier findings by pointing out
the shortcomings:

“Despite its contemporary significance, however, existing research in entrepreneurship has largely
neglected the role of digital technologies in entrepreneurial pursuits. Prior research on technology
entrepreneurship has by and large focused on entrepreneurship as practiced in technology-intensive
environments (including digital technology), wherein technology is treated merely as a context for
empirical work. Limited effort has been made on theorizing the role of specific aspects of digital tech-

nologies in shaping entrepreneurial opportunities, decisions, actions, and outcomes.”

The paper focuses on the first research trajectory, new organisational forms enabled by digital technologies, as a
means to challenge existing knowledge and guide researchers toward exploring fresh theoretical perspectives.

Other studies in our review used less controversial rhetorical strategies, although equally negating knowledge in
their target literatures. For example, Willems and Hafermalz (2021) first highlight some core assumptions of earlier
work on automation and augmentation to then present a more critical perspective, one that rejects the “objective
power” of algorithms and rather focuses on their “performative” role, following a new and emerging body of
research. In this context, the authors address the fourth research trajectory, which revolves around digital technology
affordances and the relationality of work practices. Their goal is to challenge existing knowledge regarding how digital
technology can reshape established work practices (in-house assumptions).Other studies have also cautioned against
the unproblematic treatment of digital technology, especially the view of unbounded growth and increased value
creation that is largely dominant in research on DT; these studies, call instead for a historical understanding of the
sociotechnical practices that feed into cycles of DT (Bailey et al., 2022; Scott & Orlikowski, 2022).

34 | Filling incomplete knowledge

This process serves as a powerful catalyst for filling incomplete knowledge in our understanding of DT. In particular,
studies that employ the process of filling incomplete knowledge employ rhetorical practices such as, pointing at the
shortcomings of existing research and discussing how the present research can address those; and by unearthing
opportunities for going beyond established knowledge boundaries within a topic area (Locke & Golden-Biddle, 1997).
For instance, in their introduction, Autio et al. (2018) identify a research gap in the literature around entrepreneurial

ecosystems:

“Broadly characterizing, the economic geography tradition has sought to understand economic ...
rationales that might explain regional agglomeration patterns of businesses and industries ... How-
ever, although some work in these traditions assigns entrepreneurs a significant role, none of the pre-
vious frameworks have treated entrepreneurial opportunity pursuit as the defining aspect of the
cluster dynamic.”

Note how the mentioned excerpt exhibits the research gap by citing several studies from different research tra-

ditions. Then, the authors continue by articulating how they will fill the identified gap (Autio et al., 2018, p. 74):

“We build a conceptual model of entrepreneurial ecosystems as a distinct type of cluster that special-
izes in harnessing technological affordances created by digital technologies and infrastructures ... and
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combines them with spatial ... affordances to support a distinctive cluster dynamic that is expressed

through the creation and scale-up of new ventures.”

The above-mentioned excerpts clarify that authors mainly target the research trajectory, new organisational
forms enabled by digital technologies, by filling incomplete knowledge on assumptions about how platform ecosystem
enable distributed innovation across entrepreneurial networks (in-house assumptions).

In another example, Warner & Wager, 2019 argue that despite the proliferation of research on DT, “the building
of capabilities for DT has received limited scholarly attention and is now an essential context for the study of strate-
gic change.” The authors situate their work within the strategy literature, while simultaneously pointing at the
research gap (Warner & Wager, 2019, pp. 326-327):

“... ‘digital transformation is fundamentally not about technology, but about strategy,” meaning that
senior leadership teams must find ways to capitalize on new and unexpected business model innova-
tions... However, ...there is scant research that examines how organizations build dynamic capabilities

for digital transformation.”

Then, the authors articulate their main research question and explain how they will use multiple case studies of
incumbent firms' DT. Through such an empirical examination, the authors claim to fill the research gap and contrib-
ute to the literature in two different ways. They not only conceptualise and define the scope of the DT but also pro-
vide empirical insights into what types of digitally based dynamic capabilities might be required for DT (Warner and
Wager, 2019). This study fits within the second research trajectory, digital business models and new forms of value cre-
ation, while filling incomplete knowledge on assumptions about how digital technology has changed the nature of

competition (in-house assumptions).

3.5 | Identifying oversights

This fifth process calls for a need to identify oversight. As the book by Kane et al. (2019) provocatively puts it, there
is a “technology fallacy” in our understanding of DT. While research tends to place emphasis on technology, we tend
to overlook the role that people play in DT (Tripsas, 2009). Studies in our review that identified oversights in prior
research used rhetorical practices to point out how different perspectives and/or frameworks can create unrivalled
opportunities for making novel contributions (Locke & Golden-Biddle, 1997).

For instance, Lehmann et al. (2022) point at the oversight of previous research in understanding the context of
digital ventures as a mediator for theorising the generativity of combinatorial innovation. To address this oversight
they adopt a “design view” that “draws attention to the key tension that constitutes the dilemma that digital ven-
tures face”: the focus “on current environmental conditions or... the use of generative digital technology” to address
the emergent needs of the venture (Lehmann et al., 2022). Here, authors build their arguments along the lines of the
first research trajectory, digital technology architectures, by highlighting oversights in assumptions related to digital
technology generativity (in-house assumptions).

Other examples include Tripsas (2009) who stresses the extant literature's inadequacy in understanding the role
of identity in theories of technological change, before presenting her perspective and how it applies in a longitudinal
empirical case. As mentioned in Table 2 this one targets the fifth trajectory, the role of organisational identity, culture, &
leadership in DT, by identifying oversights on assumptions about how identity can accelerate or inhibit DT practices
(in-house assumptions).

Also, Sergeeva et al. (2020) highlight an oversight of past research in paying attention to the sensory facilities of
professional workers as they perform their work, and how these sensory facilities become mediated by technology.

They propose an embodiment perspective to understand how coordination within professional teams occures with
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new digital technology such as robots. In this context, authors argue around the research trajectory, digital technology
affordances and the relationality of work practices, highlighting oversights in assumptions about how digital technolo-
gies provide a context and opportunity for transforming work practices (in-house assumptions).

3.6 | Pointing at the incommensurability of our knowledge

Finally, some studies in our review have pointed out that emergent digital technologies give rise to the “incommen-
surability thesis” (Kuhn, 2012), whereby theories from different time periods suffer from a deep failure of compara-
bility. Thus, new studies into emergent digital technologies may be mistakenly assessed against paradigmatic
theories of the past when they obviously do not fit these paradigms. For example, Yoo's (2010) commentary on
experiential computing highlights that the IS community could not effectively study new digital technologies as the
boundary between life and work have blurred, so it is difficult to separate organisational computing from personal
activities. Recent technological developments in machine learning and big data analytics have accelerated experien-
tial computing by penetrating many aspects of our daily lives. The point is that technological advances such as Open
Al's ChatGPT shape not only the way we work, but also the way we live. We have entered a new revolutionary para-
digm of DT that requires a deeper understanding of emerging technologies and their impact on organisations, but
also on individuals and the social systems we live in (Alaimo & Kallinikos, 2022; Méhlmann et al., 2021;
Zuboff, 2019).

Studies employing this last process utilise rhetorical practices to point out that there are misguided perspectives,
that perspectives are moving in the wrong direction, or that current research cannot capture emerging digital technol-
ogies with current knowledge (Locke & Golden-Biddle, 1997). For instance, Grover and Lyytinen (2023) have argued
that “Given the recent tidal wave of digital phenomena, scholars across management fields have started to question,
debate, and defend the validity of their field's received theorizing”. The authors argue for alternative “embedded”
constructs for theorising these new phenomena.” (Grover & Lyytinen, 2023, p. 46). Similarly, Baiyere et al. (2023) call
for further research that would justify the “context shifts” of digital phenomena (e.g., where agency lies) and demon-
strate the “qualified difference” of digital phenomena versus other phenomena (e.g., conceptual merit, empirical
insight, or practical value). These studies do not target any specific research trajectories. Instead, they attempt to

expand the research horizons and push the boundaries forward by challenging the field assumptions.

4 | DISCUSSION AND IMPLICATIONS: MOBILISING OUR FRONTIERS

Our problematization review of research on DT has identified key research trajectories and how different studies
construct theoretical contributions. By reflecting on this review, it becomes evident that most research tends to stay
within the boundaries of their ascribed research trajectory's in-house assumptions. As such, most studies will employ
processes of constructing theoretical contributions that help them develop incremental insights to the cumulative
growth of knowledge within a research trajectory. Challenging field assumptions is more difficult than doing the
same for in-house assumptions because the former are shared across schools of thought and rarely critiqued
(Alvesson & Sandberg, 2011). While we acknowledge that not all research should (and can) be path-creating, we
argue that we need to break the mould of established research trajectories if we are to mobilise entirely new
research trajectories. To do so, we need to focus less on in-house assumptions and more on field assumptions. More
recent research on digital transformation has called for a need to challenge field assumptions, as discussed in the pre-
vious section (Grover & Lyytinen, 2023, p. 46). In this section, we attempt to go a step further by formulating specific
questions for mobilising new frontiers in DT research.

In this section, we discuss the six field assumptions identified in our review that cut across research on DT to

propose new field research questions. We mobilise new frontiers in DT research by reflecting on what we have
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learned from our problematization review and establishing links with emerging research that challenges underlying

field assumptions. Table 3 summarises our discussion.

4.1 | When is technological modularity generative?

Technological modularity was introduced as early as the 1960s (Parnas, 1972; Simon, 1996) and has since been
adopted as a field assumption by different research trajectories within our review to explain generative growth, both
in terms of architectural recombination (Yoo et al., 2010) and positive network externalities (Schilling, 2000). A mod-
ular architecture can reduce technological complexity by being decomposable into subcomponents, while stimulating
generativity and open innovation (Cennamo et al., 2018; Eaton et al., 2015; Ghazawneh & Henfridsson, 2013;
Henfridsson et al., 2018). Certainly, modularity can rest on both loosely coupled and tightly coupled interfaces,
depending on whether the firm relies on proprietary or open-source components (e.g., Apple iOS vs. Google
Android), and it can also be architected across multi-layered interfaces with varied links between different types of
components (Um et al., 2022). These varied architectural configurations will generate distinct possibilities for growth
and scale, but the field assumption still holds true.

Yet, more recent technological developments, especially around decentralised blockchain platforms challenge
our understanding of generativity vis-a-vis technological modularity. While decentralised blockchain platforms are
still modular and layered by design, their generative growth is very much dependent on changes in the source code
often referred to as “forks”. There are three kinds of forks: “the pseudo-fork, which repurposes existing source code
and therefore has no compatibility issues, development forks, which are forward-incompatible insofar as they build
capabilities that add to the code in the existing ledger, and the hard fork, which creates a fork that is either forward-
or both forward- and backward-incompatible” (Andersen & Bogusz, 2019, p. 1249). In other words, pseudo- and
development forks allow for the generative growth of decentralised blockchain platforms without challenging or
requiring changes to the existing infrastructure. In contrast, hard forks involve fundamental changes to the underly-
ing code and the infrastructure such that the immutable record of the distributed ledger and all its temporal refer-
ence points are broken. Accordingly, any smart contracts developed as complements to the underlying infrastructure
of the blockchain platform (Halaburda et al., 2023) can no longer be executed.

Thus, this new type of digital infrastructure upon which blockchain platforms are built challenge current concep-
tualizations of modularity. With every hard fork, a new architecture must be built and new governance rules negoti-
ated, as the latest version of Ethereum shows. Thus, generativity is limited, not only by the dynamic interaction
between product (i.e., complements) and user growth (Firstenau et al., 2023), but also dependent on whether the
digital technology architecture grows by means of forward- and backward-(in)compatible modularity. Further

research needs to examine when technological modularity is generative, but also when it becomes bounded.

4.2 | How do emerging digital technologies generate new forms of network
economies?

Current DT research that focuses on new business models and organisational forms such as digital platform ecosys-
tems assumes that, while new technologies require high up-front investment and fixed costs, these costs are often
coupled with low or near-zero marginal costs of additional users (i.e., they create economies of scale). Digital tech-
nologies can also reduce costs and improve the service quality by operating simultaneously across multiple adjacent
markets (i.e., they create economies of scope) (Bharadwaj et al., 2013; Kretschmer et al., 2022; Verhoef et al., 2021).
These network externalities create the ability for some firms to achieve winner-take-all markets, becoming dominant
(Rietveld & Schilling, 2021).
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TABLE 3 Mobilising new frontiers in DT research.

Field assumption

1. Technological Modularity

The more modular a technological
architecture, the more generative its growth
(easier to interconnect with other modules
produced by third parties through
standardised interfaces)

2. Economies of Scale and Scope

The high up-front investment and fixed costs
of developing a digital technology are
coupled with low or near-zero marginal
costs of additional users (economies of
scale). Digital technologies can also reduce
costs and improve the service quality by
operating simultaneously across multiple
adjacent markets (economies of scope)

3. Innovation as distributed collective action

While digital technology opens up the
boundaries of innovation across
heterogeneous actors, there are tensions
over how such innovation is governed in
relation to how value is appropriated and
by whom

4. Digitization of data

Data are not simply turned into zeros and
ones, data have become core resources with
which to co-create DT

5. Relational Affordances

Digital technology has certain properties or
capabilities but those afford different
possibilities of action based on the context
of use

6. Organisational inertia

DT requires organisational changes that are
often resisted by organisational members
because of misalignments with the
organisational identity, culture, and
leadership.

Field research questions

e When is technological modularity generative?

For example, decentralised blockchain platforms scale through hard
forks that are backward incompatible with previous versions of the
technology architecture. Any modular components need to be built
anew for the new version. Although decentralised blockchain
platforms can scale in such a context, their generativity is bounded to
their technology architecture.

o How do emerging digital technologies generate new forms of network

economies?

For example, generative Al technologies with the ability to be
integrated with existing digital platforms (e.g., Microsoft CoPilot
integrated with Azure) can generate economies of learning that
leverage data from heterogeneous organisations that already benefit
from existing digital offerings.

e How do we organise distributed innovation with algorithmic

technologies?

As organisations become diffused across global boundaries,
decentralised across thousands of network nodes and
heterogeneous actors, collective action becomes too large to achieve
through hierarchical control. Decentralised autonomous
organisations that coordinate collective action through algorithmic
routines, as opposed to hierarchical human routines, challenge how
we organise for distributed innovation.

o When do data become valuable and with what consequences?

Data are used by both organisations that orchestrate algorithmic
technologies and end users that depend on that data to do their
work and carry on with their lives. Data are not ready to hand. Data
are constructed through actual and synthetic activities to serve
particular purposes at specific points in time. Data can be used to
accelerate drug discovery at one point in time but could also end up
designing chemical weapons at another time frame. Data are both a
medium for action and a resource asset, both a driver and an
outcome of DT.

e What Possibilities of Action Can We Perceive?

Sociotechnical perspectives in IS research and recent DT studies
emphasise technology's contextual capabilities. The interaction
between human and artificial actors influences our understanding of
possibilities and extends beyond contextual use, challenging
researchers to explore the genealogy of actions, including technology's
design and training. To understand this complex interplay, researchers
must delve into the intricate dynamics of technology mediation and
human-agent interaction. By analysing how technology shapes
perceptions and influences decision-making, we can better grasp the
multifaceted nature of relational affordances in the digital era.

o Where is inertia and transformation constituted?

Given all the aforementioned field assumptions, DT is by nature
unbounded; it is not contained within organisational boundaries. As
such, identity, culture, and leadership need to transcend their
organisational connotations across ecosystems of heterogeneous
actors. This will be especially relevant for research on digital
entrepreneurship that seeks to understand inertia and
transformation across multiple and distributed sites of action.
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While no one can deny the presence of economies of scale and scope, including the network effects they
generate for both the demand and supply sides of a given market, new emerging digital technologies such as the
recent wave of generative Al are generating new forms of network economies. These generative Al technologies
such as GitHub's CoPilot leverage architectural innovations and a massive variety and volume of data to learn
about associations and use them to generate new synthetic content that can increase the productivity of soft-
ware developers by comparing learning within a community (Dohmke et al., 2023). These generative Al technolo-
gies can also be integrated with existing digital platforms (e.g., Microsoft CoPilot integrated with Azure) to create
economies of learning that leverage data from heterogeneous organisations that already benefit from existing digi-
tal offerings.

Such economies of learning present both opportunities for growth and risks of knowledge appropriation. On the
one hand, organisations can benefit from knowledge gained elsewhere to feed internal learning processes and, thus,
augment DT efforts. For example, studies have found that generative Al technologies “capture the potentially tacit
knowledge embodied in... the highest-skilled or most experienced workers” and disseminate it to low-skill workers
who can benefit by incorporating such knowledge in their own work (Brynjolfsson et al., 2023, p. 2). On the other
hand, more dominant organisations can exclusively control how such generative Al technologies learn, thereby creat-
ing standards upon which less resourceful organisations must conform. Many antitrust investigations have focused
on the anticompetitive practices of dominant organisations on third parties, because of their dual role as producers
and orchestrators of generative Al solutions (Hacker et al., 2023). Further research is needed that examines how
emerging digital technologies generate new forms of network economies, and what the implications are for

how knowledge is appropriated and for whom.

43 | How do we organise distributed innovation with algorithmic technologies?

Following the above discussion, a third field assumption focuses on the ways in which digital technology opens
up innovation across heterogeneous actors beyond firm boundaries and vertical integration. This field assumption
goes back to the work of Eric von Hippel and Henry Chesbrough with the former arguing for user-led innovation,
focusing primarily on social or crowd-based production (also reflected in Yochai Benkler's work on commons-
based peer production), and the latter arguing for open innovation through alliances with third-party com-
plementors. While open or peer distributed innovation offers an alternative to the organisation of economic
activity through hierarchical forms and has generated new research into platform ecosystems, as recent research
has shown, there are tensions over how such innovation is governed in relation to how value is appropriated and
by whom (Cennamo & Santald, 2019; Chen et al., 2022). These tensions arise because innovation—despite its
open premise—relies on centralised organisational forms with ‘benevolent dictators’ who control how innovation
takes place.

Research has argued that as organisations become distributed across global boundaries and decentralised across
thousands of network nodes and heterogeneous actors, collective action becomes too large to achieve through hier-
archical control. Decentralised autonomous organisations that coordinate collective action through algorithmic rou-
tines, as opposed to hierarchical human routines, challenge how we organise for distributed innovation
(Vergne, 2020). Decentralised autonomous organisations such as MakerDAO, which operates a digital platform by
providing disintermediated financial services, with decisions made by members who buy tokens that grant them vot-
ing rights (Ellinger et al., 2023), remove the manager- or shareholder-centric control over innovation. Instead, control
over how distributed innovation takes place is software-based, built into algorithmic mechanisms that enable alterna-
tive forms of value creation and appropriation, including the value of learning to innovate for the social good
(Ellinger et al., 2023). Further research needs to explore how distributed innovation can be organised with algorith-
mic technologies away from centralised control, while paying attention at alternative forms of value creation and

appropriation.
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44 | When do data become valuable and with what consequences?

Research in our review has emphasised the impact of data digitization on DT (Bharadwaj et al., 2013; Hanelt
et al.,, 2021; Verhoef et al., 2021; Yoo et al., 2010). Through big data analytics, data are not simply turned into zeros
and ones, rather they become core assets with which to co-create DT. Data are used by both organisations that
orchestrate algorithmic technologies and end users that depend on that data to do their work and carry on with their
lives.

However, data are not ready to hand. Data are constructed through actual and synthetic activities to serve par-
ticular purposes at specific points in time (Monteiro & Parmiggiani, 2019). For example, “companies like Meta and
Unity are constructing digital twins of our worlds with synthetic data to capture ever-evolving, complex interactions
between people, objects, and their environments” (Monteiro et al., 2022, p. ix) in order to provide increasingly
immersive, augmented experiences. At the same time, while these experiences become more valuable to end users
at given points in time, we must not take for granted the data choices made by these companies for end users. Data
have become both a medium for action and a resource asset; both a driver and an outcome of DT (Alaimo &
Kallinikos, 2022). As such they determine many user choices a priori, without consent or the presentation of alterna-
tive choices (Zuboff, 2019). Thus, how data become assets for value creation and capture is not unproblematic.

For example, “data homogenization” may enable data to be stored, transmitted, processed and displayed across
digital devices and networks (Yoo et al., 2010), “loosening the links between procedures of data making and domain
knowledge” (Alaimo & Kallinikos, 2022, p. 24). However, as discussed earlier, such homogenization may not be col-
lectively agreed upon, but rather determined by those who control the technologies that store, transmit, process,
and display such data. Thus, such data homogenization may not represent diverse communities, perspectives, and
beliefs (Bender et al., 2021). Further research needs to examine when data become valuable, for whom, and with

what consequences.

45 | What possibilities of action can we perceive?

Sociotechnical perspectives on IS research have always stressed that technology has certain properties or capabilities
but these afford different possibilities of action depending on the context of use (see Sarker et al. (2019)). Research
in our review that takes a performative view of DT has similarly paid attention to the relational affordances of digital
technology (Bailey et al., 2022; Leonardi & Vaast, 2017; Willems & Hafermalz, 2021). Digital technology is not trans-
formational in itself; rather its transformational affordances are variably perceived and applied in practice. However,
can we really observe relationality in practice, as it happens, in the performativity of action? Or can we only perceive
the outcome of such relationality over time?

As Latour (1994, p. 35) famously said in one of his essays on technology mediation, “B-52s do not fly, the US Air
Force flies,” pointing at the performativity of action across human actors, technology, institutions, their properties,
and competences. He added (1994, p. 35), “Full-fledged human actors, and respectable objects out there in the
world, cannot be my starting point; they may be our point of arrival”. This statement could not be more true today in
the context of agents-in-the-loop, including both human and artificial actors (i.e. software agents) (Constantinides
et al., 2024). Research on the ways by which humans perform tasks with artificial actors has shown that they inter-
vene into one another's perception of the possibilities of action. For example, research has found that, artificial
actors can, over time, homogenise the performance of human actors, since the latter lose their unique knowledge
about what needs to be performed and learn to (blindly) follow the suggestions of artificial actors (Fligener
et al., 2021). They perceive such suggestions as truthful and, consecquently, they become blind to other possible
courses of action. Such myopia to the possibilities of actions may also be the result of selection and salience bias by
human actors involved in the training of artificial actors (Balasubramanian et al., 2022).
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This dynamic interaction between human and artificial actors in-the-loop, that is, those actors responsible for
selecting which knowledge gets translated and transferred to other actors transforms our understanding of relational
affordances. This new dynamic goes beyond the context of use—that is how a technology is used in situ—but rather
challenges researchers to further untangle the genealogy of possibilities of action, including how the technology was

designed, trained, and validated.

4.6 | Where is inertia and transformation constituted?

Finally, some papers in our review have stressed the importance of not taking for granted the people dimension of
DT (Kane et al., 2019). DT involves a deeper investigation and understanding of the organisational identity of the
firm undergoing transformation, including its cultural values and leadership attributes (Gioia, Patvardhan,
et al., 2013). On the one hand, if those values and attributes are too rigid, the firm will face great inertia in
responding to external challenges and its adaptive flexibility will be limited (Tripsas, 2009). On the other hand, if they
are too loosely defined the firm will have no sense of purpose and will constantly drift to new fads that are short-
lived and often unsuccessful. Firms' strategies and actions reflect the decisions of top executives (Gupta &
Misangyi, 2018; Ravasi & Schultz, 2006), including chief digital officers who are responsible for managing and
orchestrating digital initiatives (Tumbas et al., 2018).

However, the tensions surrounding the capabilities-rigidities paradox or the core competency trap (Leonard-
Barton, 1992) have become more complex and multi-layered. As discussed above, organisations no longer operate
within their own boundaries, but rather across ecosystems and modular, layered technologies. The task of strategic
decision-making and of gaining new capabilities is no longer under the control of lone executives or hero entrepre-
neurs (Nambisan, 2017). More so, some capabilities are completely automated and distributed across machine learn-
ing technologies that can perform operations at a speed and scale that is unmatchable to human employees. Given
the aforementioned field assumptions, DT is not contained within organisational boundaries. As such, identity, cul-
ture and leadership must transcend their organisational connotations across ecosystems of heterogeneous actors
and technologies (Thomas & Ritala, 2022).

Further research needs to examine where the dual forces of inertia and transformation become constituted. As
decisions on deploying cloud-based architectures, designing agile teams, and enabling open innovation across multi-
ple and distributed sites of action are made, individual organisations and their executive managers will need to adapt
their strategies to account for aggregate dynamics. This will challenge how we think of organisational identity and
culture, including how those are shaped via external stakeholders, including customers, partners, competitors,
and regulators.

5 | CONCLUSION

In this paper, we contribute to DT research by problematizing the literature across relevant disciplines. Our contribu-
tions align with the special issue's objectives. First, we offer compelling evidence of five pivotal research trajectories,
each rooted in distinct assumptions. While these trajectories come with their own in-house assumptions, they also
share broader field assumptions. Second, we scrutinise how studies within these research trajectories position them-
selves against earlier research, a process instrumental in constructing theoretical contributions. Our analysis reveals
six distinct processes: synthesis, extension, negation of existing knowledge, identification of gaps, the completion of
incomplete knowledge, and recognition of the incommensurability of our collective understanding. These processes
hold true even in more recent research, demonstrating that they extend beyond our core corpus of studies. Impor-
tantly, we illuminate that DT is not a monolithic phenomenon but rather a complex, multidimensional one. Lastly,
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and building from the above, we pose questions that challenge existing field assumptions that cut across all research
trajectories in order to mobilise entirely new frontiers in DT research.

In closing, our problematization review offers an alternative approach to the systematic literature reviews that
have largely dominated DT research. Both are valuable in their own right, but each serve different objectives and
generate unique outcomes. Our problematization review has helped us to investigate and theorise the multi-
dimensionality of DT. DT is emergent and indeterminate and yet it is uniquely perceived and framed by different
researchers. We not only identify the diversity of perspectives and their underlying assumptions, we also demon-
strate how DT is framed by different researchers. This problematization review enables us then to generate yet new
dimensions of DT to be investigated and theorised by further research. We, thus, offer an epistemological approach
to understanding not only how researchers frame and construct theoretical contributions, but also pave the way for

new innovative DT research to take place.
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APPENDIX A

TABLE A1 Core corpus of DT.

Title

Research commentary—the new organizing logic of digital
innovation: an agenda for information systems research

Digital business strategy: toward a next generation of insights

Understanding digital transformation: A review and a research
agenda

Organising for innovation in the digitised world

Toward a theory of ecosystems

Digital Innovation Management: Reinventing innovation
management research in a digital world

Research commentary-Platform evolution: Coevolution of platform
architecture, governance, and environmental dynamics

Bridging differing perspectives on technological platforms: Toward
an integrative framework

Digital entrepreneurship: Toward a digital technology perspective
of entrepreneurship

Digital transformation strategies

Research commentary—Digital infrastructures: The missing IS
research agenda. Information systems research

The digital platform: a research agenda

An empirical investigation of net-enabled business value

Digital transformation: A multidisciplinary reflection and research
agenda

Research commentary—The digital transformation of healthcare:
Current status and the road ahead

Digital affordances, spatial affordances, and the genesis of
entrepreneurial ecosystems

The digital transformation of innovation and entrepreneurship:
Progress, challenges, and key themes

Building dynamic capabilities for digital transformation: An ongoing
process of strategic renewal

Reflections on societal and business model transformation arising
from digitization and big data analytics: A research agenda

Computing in everyday life: A call for research on experiential
computing.

Innovation diffusion in global contexts: determinants of post-
adoption digital transformation of European companies

10 Sociomateriality: Challenging the Separation of Technology,
Work and Organisation

Authors-year

Yoo et al. (2010)

Bharadwaj et al.
(2013)

Vial (2019)

Yoo et al. (2012)

Jacobides et al.
(2018)

Nambisan et al.
(2017)

Tiwana et al.
(2010)

Gawer (2014)

Nambisan (2017)

Matt et al. (2015)

Tilson et al. (2010)

De Reuver et al.
(2018)

Barua et al. (2004)

Verhoef et al.
(2021)

Agarwal et al.
(2010)

Autio et al. (2018)

Nambisan et al.
(2019)

Warner and
Wager (2019)

Loebbecke and
Picot (2015)

Yoo (2010)

Zhu et al. (2006)

Orlikowski and
Scott (2008)

Outlet

Information Systems
Research

MIS Quarterly

The Journal of Strategic
Information Systems

Organisation Science

Strategic Management
Journal

MIS Quarterly

Information Systems
Research

Research Policy

Entrepreneurship theory
and practice

Business & Information
Systems Engineering

Information Systems
Research

Journal of information
technology

MIS Quarterly

Journal of Business
Research

Information Systems
Research

Strategic
Entrepreneurship
Journal

Research Policy

Long range planning

The Journal of Strategic
Information Systems

MIS Quarterly

European Journal of
Information Systems

Academy of Management
Annals

(Continues)
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TABLE A1 (Continued)

Title

When flexible routines meet flexible technologies: Affordance,
constraint, and the imbrication of human and material agencies.

Technology, identity, and inertia through the lens of “The Digital
Photography Company”

Digital innovation and transformation: An institutional perspective

On the fintech revolution: Interpreting the forces of innovation,
disruption, and transformation in financial services

The generative mechanisms of digital infrastructure evolution

Platforms and infrastructures in the digital age

Wakes of innovation in project networks: The case of digital 3-D
representations in architecture, engineering, and construction

Disruptive technology: How Kodak missed the digital photography
revolution

The disruptive nature of information technology innovations: the
case of internet computing in systems development
organisations

Authors-year

Leonardi (2011)

Tripsas (2009)

Hinings et al.
(2018)

Gomber et al.
(2018)

Henfridsson and
Bygstad (2013)

Constantinides
et al. (2018)

Boland et al.
(2007)

Lucas Jr and Goh
(2009)

Lyytinen and Rose
(2003)

Outlet
MIS Quarterly

Organisation Science

Information and
Organisation

Journal of Management
Information Systems

MIS Quarterly

Information Systems
Research

Organisation Science

The Journal of Strategic
Information Systems

MIS Quarterly

85U807 SUOWWOD @A1RRID 3ol jdde au) Aq pausenob ae ssjole YO ‘88N JO $3|nu Joj AeiqITaUIIUO 8|1 UO (SUO I IPUOD-PUE-SWLBIALIOD A8 |1MAle1q 1[BUU0//Sd1Y) SUONIPUOD pue SWLB | 3Y} 835 *[7202/90/€0] Uo A%iqiaulluo &M ‘essyoue i JO Aisieaiun 8y L Aq TEGZT BITTTT OT/I0p/wW0d A im Akeiquljuo//:sdny Wwoly papeo|umoq ‘0 ‘G.G2G9ET



13652575, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/i5).12531 by The University Of Manchester, Wiley Online Library on [03/06/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

WILEY_L_*

ASHRAFI ET AL

(sanunuo))

sainjoaIydIe
A3ojouyday
[exsia

(A10303feny

ydueasau)
uoisuawip
9)e8a.83y

Ajueinpow
|ea13ojouyda ]

uojpoe
9AI309]|00
paINquisIp

se uojjeAouu|

Ajuuejnpow
|ea13ojouyda |

ejep
Jo uoneziidiqg

Ajuuejnpow
|ea18ojouyda |

ejep
Jo uoneziidiqg

Ajuejnpow
|ea13ojouyda |
(suondwnsse

pIaY) s9pod
J13pI0 puodas

siasn
pub sjuauodwod Jpjnpow Ul Yyimois asnpul
upd 31 byl Ul 2A1IDI2URSE SI ABojouydal |puBIg

saiBojouyay |pBIp

JO 22UDUIA0E 3Y] JAAO [043UOI SDY OYM J3AO0

SUOISUa] $asIbJ pub Salibpunoq [pUoIIDSIUDSIO

sinjq uoiapAouul Yans ing ‘sainipd paiyy

pub swilj Snoaua§0.a1aYy Ss042b UolIpAoUUl
painqusip ‘uado sajqpua ABojouyday [p3BIg

‘Pappb aq upd spuaWa|duwiod

Auipd paiy3 yaiym uodn sjuauodwod

2102 Jo 325 b sapinoid witf gny b Agasaym

—uol13psiupBio-plaw Jo adA} b—swialsAsoda
wiojip|d 03 asu sanl8 ABojouyoay |puBIq

$}I0MJBU pUD SDIAIP SSOIOD
BULIDYS pub $5320D SS3|WIDIS J[qDUR 03 DIDP
sas|uaBowoy pub sasiiBip ABojouyday [pusIg

Swilf snoauaBo.azay

Aq paipys pup (s3onpoud ajdiznuw

Uo pawiwpiBoidal pub pasnal aq ubd sny}

pup pasbq-21pm3Jos a.p Aay3 “a°1) 213SoUSD

3onpo.d aip 3pYy3 $21N32231Y2.D ID[NPOW
pub paiaAp| uo 3jinq si ABojouyday |puBIq

$}10MBU pUD SDIAIP SSOIOD
BULIDYS pub $5320D SS3|WIDIS d[qDUR 03 DIDP
sas|uaBowoy pub sasijiBip ABojouyday [pusIg

swilj snoauago.azay

Aq paJpys pup (s3onpoud ajdiynw

uo pawiwpiBo.dal pub pasnai aq ubd snyj}

pup paspq-21pm3Jos a.p Aay3 “a°1) 213SoUSD

3onpo.d aip 3pYy3 $21N32231Y2.ID ID[NPOW
pub paJaAb| uo 3jinq siI ABojouyday |puBIq

(suondwinsse asnoy-ui) sapod JapJo 3sii4

*(%G8) s19wo03snd Jo AjLiofew e a1am S3a¥213 JO SI9ANG BUIUO ** 900Z
Aq 3ey3 3uoJls 0S Sem Yimou3 ay3 ‘paspu| "9214J0 SWOY JO HIOM JIdY3
1€ 9|qe|leAe ‘S3aydI13 4o Sunulid Jase| ay3 padeiquud AppdInb siawolsno e,

Aydaesaiy udisap s31 sa3eIp pue a10d wuojield

3U3 SUMO Jey3 Jaumo 3j3uls ou si 343y} Sulueaw ‘s8uilas paynquisip
ul 9oueIayul a|di3nw 03 pes| ued AJjeNSIp Jo SoNsLaldeIRYD
4ang “** Ajljeljualagau-J|as pue ssaupainguisip ‘Aljiqewweldoidau

Ay

e11pa ‘ejep Jo uoljeziusdowoy Ajdwi sai3ojouyday [eudiq,,

- JUSIUOD PUE ‘SIS ‘SHIOMIDU ‘SIIAIP

Mau 93es3ajul pue dojaAsp ued Aujsnpul SAI0WOINE 33 SpISINO
Swl4 JaY30 Yyoiym uo wuojield Suizndwod e swodaq sey ajiqowoine
Ue ‘sain}da}yd.Ie Iemyos paseq-3|21YaA YSnoay3y pa3dauuod

pue pasiSip Suiwod3q a.e 3|IqOWOo3Ne Ue JO SWa)sAsgns Jsow se*

. 9DIAIBS UoIjewIoul Aue Jnoge 3snf Joddns pjnod yiomiau awes
93 pue (32Us8I9AU0I 3DIASP) UolrewIojul Jo sadA) Auew Suissadoad
pue ‘Suli03s ‘Suizediunwwod Jo ajgeded awedaq SaIAIP [eNSIp Udy],,

.-9JEMp.EY P3}O2UUO0DISIU]

40 JdAe| [B2ISAYd By3 J9AO S1aAe| ul umop pie| 2130] ay3 Suzuawa|dwi

21eM}0S 40 AMljiqes|lew au3 Aq 3|qissod Spews S| ANJIGIY SIYL™,

SYI0MIBU pue

s921Aap [eNSIp awes ay) Suisn paAe|dsip pue ‘passadoid ‘pajjiwsuesy
‘pa403s 9 ued (93ew| pue ‘1x3} ‘09pIA ‘Olpne) spUaU0d [e3Ip Auy,,

~SeJawed [e3SIp Jo ‘Swa)sAs uoljeSiAeu ‘sied ‘SuoisiAd|e} ‘sauoyd

9|iqow ‘s1aIndwiod dopysap Se Yons sadlAsp snoauad0.aiay Jo 3soy

e U}IM pajpung ‘SAem Jualajjip Jo AJaLIEA B Ul pash aq Ajsnoauejnwis
ued 3| ‘yonpoud auojepuels e se pasn aq ued sdey 9|3009 y3noy],,

suojejonb aAessn

(€T02)
peis3Ag pue
uosSpLusH

(8702) 'le 39
J19ANY 9

(oto2)
‘e 30 euemi|

(0102)
‘e 39 uos|iL

(oT02)
‘| 39 00A

Py

'sndJod 2102 3y} Jo Sulpod) ZV I19V.L



13652575, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/i5).12531 by The University Of Manchester, Wiley Online Library on [03/06/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

ASHRAFI ET AL

Ajueinpow
|ed13ojouyda |

Ajsejnpow
|ea18ojouyda |

uoinoe
9A1329]|0D
painguisip

se uopjeAoul|

uoinoe
9A1323]|0D
painqguisip

se uojjeAoul|

uo pawiwpiBoidal pub pasnal aq ubd sny}

pup paspq-a21pm3Jos a.p Aay3 “a°1) 213SousD
30npo.d aip 3pYy3 $21N32231Y2.D ID[NPOW
pub paJaAp| uo 3jinq s1 ABojouyday |puBIq

*Swlj snoauaBolalay

Aq paipys pup (s3onpoud ajdiynw

uo pawwpigo.dal pup pasnal agq ubd snyj

pup pasbq-a2ipmos aip A3y} o13s0U8D

3onpoud aip IpY3 S24N32231Y2.D IDJNPOLU
pub paiaAp| uo 3jing sI ABojouyday |pBIq

salBojouy2ay |v3IBIp

JO 22UDUIBAOS 3] JOAO [013UOD SDY OYM JIAO

SU0ISUa} $asIbJ pub $3alibpunog [pUoIIDSIUDEIO

sinjq uoiipAouu! Yyons Inq ‘saiziod paiyy

pup suwilj SN0aua50.a1aY SS0IOD LUoIIPAOUUI
painqusip ‘uado sajqpua ABojouyday |p3IBIg

salBojouy2ay |b3IBIp

JO 22UDUIAOS 3y} JIAO [043U0I SDY OYM JIAO

SUOISU] SasIbJ pub SalIbpunoq [pUOIIDSIUDSIO

sinjq uoiapAouul Yyons ing ‘satnipd paiya

pup suwlf SN0aua50.a13aY $S040D UoIIPAOUUI
painquisip ‘uado sajgpua ABojouyday |p3BIg

uoljes3ajul 93pajmoud Suidus|jeyd e pajeald siyy ‘siaAeld gdIN pue
S90Ys 3uluund Jo 92uUa349AU0D 3y} padnpouiul 9|ddy pue a)IN USYAA
'saul| 3onpoud pue sauisnpul jededss Ajsnolaald ssosde uoljes3ajul
aJinbaJ saduaiadxa pajeipaw Ajlensip Jo a8ejueApe ax e} jey3 synpouad
pue sa21A19s Suipndwod |elpualIadxa JO UOIdNIISUOD pue udisap ay],, (0TOZ) 0OA
.-uoljeaouul usdo Joy
|elzuajod ay3 se ||9Mm se sa13]IqISssod uoIjeuIquIodal Mau U940 03 3y3nos
9q ued siled uonnjos-udisap 1ounsip A|y3iy ‘(..sxoe1s aiemyos,, se
4ons) paonpoujul ale sisAe| sy “sioAe| jeledss |eJaAas 03 a4njdslIydIe
19NpoJd Jus.14Nd 3Y3 24n3oNJ3sal 10 9sodwodsp A[@3Je| JO SDIAISS
10 s3onpoud 3uilsixa 03 sjusawWa|dwod 91834 Aew S9YDJeS 959y}
‘awy JOAQ “suoliouny 3ullsixa 3uide|das uo sndoy Ajjer3iul Aew saydiess
yong ‘siied uolIN|oS-wa|qold PSAJOAS 10 MU JO UOIJEIIIIIUSPI pue (£102)
JOJ U24e3S JUBISUOD B SE POMBIA 9 UeD uoljeAouul [e}3Ip ‘Ajulploddy ™,  ‘|e 39 uesiqueN

S311IAI10E UolleAOUU!
JO uolsiadsip |eoiydes3093 e 03 pa| sey A30jouyda} uoljewoul (ZT02)
JO 3NS3J B Se 3502 UOI1eulpJo0d pue UoI3edIunuiwod JO uoldnpal ayy -, ‘le 39 00A
'Bunndwod jaulaqu| Jo
geded aAljea393Ul [RUOIIPPE SY3 Ul pa)INsad jey) swuojield Ade3s)
UM pajel3ajul AJ|EDILISA JBYLINg 9 PIN0D SIAISS US9S3104UN 3say |
'S9IIAIBS JO sadA1 Mau Aj[edlped p|ing 01 pue suolldesuel) painguisip
91NJ3X3 0] 9|q1ss0d 11 apew pue SYI0MIaU Uado JSA0 SuolldeIalul (£002) @50y
pa1jiun Jey) WSIUeYIaW MaU e Patayjo ‘9104a43y) ‘Suipndwod jauisuy,, pue usujAA

JadnjonJisesyul

3} puUaIXa pue aAoJdw] 0} Pa3ed0||e I9M S3IIN0SDI SI0W ‘SIIIAISS
aJnjonJiselul ay3 Suipdope siasn aiow Ypm ‘AjSuipioddy “yimoss

JO wnjuawow a3y} Hojdxa Jaypny pjnoys auljdie ay3 Jeyy pue ‘JJo
3ulAed sem A3ajeu3s Joulalu| ay3 Jey) Juawadeuew doy paduIAUOD SIY]

suopjeyonb aApessn

(A1o323feny (suondwnsse (suondwnsse asnoy-ul) S9pod I9pJo 3sii4
ydueasau) pI2Yy) sapod

uoisuswip 19pJo puodag

9)e82433y

(penunuod) zv 314VL

s | WILEY



13652575, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/i5).12531 by The University Of Manchester, Wiley Online Library on [03/06/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

WILEY_L_¥

ASHRAFI ET AL

(senunpuo))

uopeald anjeA

10 Sw.I0) Mau
pue sjapow

ssauisng [eusiq

(A1o323feny

ydueasau)
uolsuswip
91e82483y

ejeep

Jo uonezidiqg

9dods
pue a|eas

JO SJ1Wou023

9dods
pue a|eas

JO SJ1Wou0d3

adods
pue 3|eas
JO SoJwouod3

uoi3op0
9A1192]]02

pamnquisip

Sb uozpACUY|

(suondwnsse

pIaY) s2pod
J3pi0 puodag

*sa0UaLIadXa JWI0ISND 42333G PUD ‘SaIdUBIdIJ2

1502 pajpiauas aAbY DILP JO UOIILZIBIP
pub sassazoid ssauisng jo uoipzipIsIg

S92UaLIadX3 J2WI0ISNI 42313q PUD ‘Sa1UdId1YJD
1502 pajpIauas aAbY bvp Jo UoIILZINBIP
pub sassanoid ssauisng Jo uoibzipusIg

*S1a)IDW JD|IWIS
ul pajpiado Aj[buoiiipp.i J0U aAbY I0Y3
Salupdwod U2amiaq UaAa AljbAll BulAjisuaiul
‘s20IAI3S [DIBIP 03 s1onpo.ud [paisAyd
woJj pub [bqoj8 03 [p20] W) uolFduwiod
Jo aunjpu ay3 pasubyd spy ABojouyday |puBIq

S3aXDW ID|IWIS
ul pajpiado Aj[buoiiipp.i J0u aADY IDY3
Sa1ubdwod Uaamiaq UaAa AlpAL BulAjisuajul
‘592IAJ3S [DIBIP 0] S3onpo.d |paisAyd
wouj pub [bqoj8 03 [p20] Wo.J uolFaduwiod
Jo aunjpu ay3 paubyd spy ABojouyday |puBIq

saiBojouyday |puBIp

JO 22UDUIIAOS 3Y3 JAO [04UOD SDY OYM JIAO

SUOISUa] $asIpJ puUb SalIppUNog |puoIIPSIUDEIO

sinjq uoiapAouul Yyans Ing ‘saiiod paiyl

pup SwLilj snN0aUa80J232Y SS0.1D UOIIPAOUUI
painquisip ‘uado sajgpua ABojouyday [pUBIg

swulf snoauaBo.tajay
Aq paJpbys pup (s3onpoad ajdiynw

(suondwnsse asnoy-ul) S9pod I9pJo 3sii4

‘syuswyea.) paqLdsald o} asuodsal sjualjed UO UOIFEWIO)Ul SWI}
-leas 21n3ded ued SWaIsAS | |H ‘sp4odas yjeay Jo Uoiezijsip ayl Ypm,,,

Ajljenb aAoadwil pue s3s02 9onpad ued ‘sadueyd Adejusws|dwod Jay3o
UM uoi3ounfuod ul ‘wa)sAsods aied-yieay ayy ssoude (| |H) ASojouyday
uoljew.oyul yjesy Jo asn dosp pue peoiq ysnoayj ssedyjjesy

1O uoljewojsuel) [eN3Ip Yyl 1eyl SNSUSSUOI |elJUBISNS S| 843y ],

~suteyd Ajddns pue ‘sjpuueyd ssjes ‘sassad04d ssauisng ‘syonpoud
Sunoedwi Aq ‘s1apJoq Jisy} puoAaq oS uaAs pue sajuedwod Jo sued
93.e| 109 ualo sai3ojouyda) [eHSIp Jo uolei3aiul pue uonelojdxa ayy,,

.’S921n0saJ [e}S1p 350y} YySnoayy paulyap AjUo Ja||Ies 2I9M Jey} saydlu
pue saceds mau Ul 9)esado 03 pue sallepunog AJsnpul [euolipe.y
3ea.q 03 Swly s3|qeud swaojied [euSip Jo asn ayj ‘@Jowiayn4,,

.’Pea1ds 41243 3IqIyul Jey3 saLepunoq

JIXDIYY PING UED J| ‘D) dWES dY3 Je INg ‘UOISNY4Ip J9ISe) S9|qeud

pue ‘SujuJea| 5193504 ‘SUOIIBUIGWOD MAU sajowold AJISISAIP Yiomiau
pasea.dul Jey} MOYS UOIEAOUUI JO S21NJE) PA3IOMIBU PUE [BUNWIWOD
3Y} JO S3IPNIS "**S10308 SN03UBS0.I2Y JO HI0MIBU E 0} Jojenouu] 3|3uls
€ WOJ4 SND0J S} PIYIYS Sey YdJeasal uoizeaouul Jo Apoq Suimous e,

’$92JN0SaJ 93P3a|MOUY| JO 39S pUk SUNJoNJIselyul

JUaJaIp AJSA B alinbai pajuswa|dwi pue pausisap ale SIVIAISS pue
s30npoJd 9soy3} Aem ayj ‘suoije1dadxa JaWoIsnd pue sa|2Ad al| JUDIaIp
AJDA 9ABY SDIAISS pue s3onpoud [e313ip-uou Ajjeuonipely sy ‘wajqoid

suopjeyonb aApessn

(PenuRUOD)

(0102)
‘|e 19 [emuedy

(5102)
638 e

(€T0Z) B39
fempeseyg

(£002)
‘e 33 puejog

cv 3lavi



13652575, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/i5).12531 by The University Of Manchester, Wiley Online Library on [03/06/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

ASHRAFI ET AL

s | WILEY

9dods
pue 9|eas
JO S2jwouod3]

elep
Jo uoneziidig

9dods
pue a|eas
JO sojwouod]

eiep
Jo uoneziidig

adods

pue 3jeds jo

SJJwouod3

S

Ajuejnpow
|ea18ojouyda |

eyep
4o uoneziBiq

(A1o323feny (suondwnsse

ydueasau) pI2Yy) sapod
uoisuswip 19pJ0 puodas
9)e82433y

*ad02s pub 3|pIs JO SaIWOU0I 2IDI2UE UDI
1DY] 221AI25-D-SD-210M3JOS Bulpnjoul ‘Sfppow
$52UISNG MaU pajqpua sby ABojouydas [p3IBIa

*S20UaAAXD JAUIOISND 12339 PUD ‘SAPUBIIISD
3502 Pa3pIauUas aADY DIVP Jo UOIILZINBIP
pub sassadoid ssauisng jo uoipzipsIg

uo13D2.12-02 ANDA JO

$355900.d paBuDYD SbY SaINIP DS YBNo.Iy3

$22IAJ3S [DIIBIP 03 $5222D pasiipbuosiad
‘pubWaP-UO 10§ SIDWNSUOD Aq 21NSsaid Ja3pa.lo)

*S20UaLIAdXd JAUIOISND 12339 PUD ‘SAIPUBIIISD
1502 pajpiauas aAbY DILP JO UOIIDZIBIP
pub sassazoid ssauisng jo uoipzipIsIg

2doas pub ajpIs Jo SaILIOU0ID 2]DIdUSS UDI
IDY3 221AI2S-D-SD-21DM3JOS BUIpn|U] ‘S|apoL
ssaulsng mMau pajqoua sy ABojouyday [puBIa

S20U2LIAAX JAUIOISNI 12339 PUD ‘SAPUBIIIYSD
3500 Pa3pIauUas aADY DIVP Jo UoIILZINBIP
pub sassaso.d ssauisng jo uolabzipsIq

(suondwnsse asnoy-ul) S9pod I9pJo 3sii4

SNy} ‘sal}IAI}OB SSaUISN( S.I0W JIAO pealds 3q ued ssauisng-d Ul

SJUBWIISAUI PaX1y Y3 ‘Way) JO Yyoes 1oy uolpiodoud |erpueisqns e uj pue (9002)
S9I}AIOE Uleyd-an|eA JO 9d0ods JOPIM B SSOIJE Pash S| SSauISN(g- USYAA,, ‘le1s nyz
..$955920.d BUIINOI-UOU SAIHUSOD pue ejep UM pajeldosse Aj3oauipul
10 Aj323.1p SI ey (3|A1S941] pue) Joge| uewny Jo wioj Aue jsowe
(ST0T) 30214

a3ueyd 03 Ajdeded sy sey uolleziisIp 102 MO| AjSWaJIxa je 9|eds
SAISSEW B UO 3|ge|leAe Bjep JO uoissiwsuel) pue a3e.03s ‘Suissadoud YA,  Pue X23qgao]
.'S9|NJ SsauIsSNq |euolyipe.]
AJOp pue wJIou Mau a3y} awod3q Ajises ued saidojouyday [eH3ip mau
J0 35N 3Y3 ‘Ajpusnbasuod ‘pue ‘unolAeyaq Jawnsuod a8ueyd Ajjednjonans
*** 959U "SOAI| ,SISWNSUOD 3ULISIUS BJe Jey) “* ‘sal3ojouyda)
paseq-|y mMau pue ‘sdde uo Ajaa A|3uoJis os|e siswnsuo)
JNOIABYS(Q JSWNSU0I S,Aepo} Ul Juepoduil w023 SABY SIDIASP 3|IGOIA,,

.’S92UBLIAXD JOWOISND ddUBYUD ABW Jey} syuswanosdul ssado.d (1202)
sapn|oul os|e 3nq ‘S3UIAES 3503 U0 Pasnioy Ajuo jou s| uoneziiensip -, ‘|é 33 JOOUJIaA

. 'S9IIAJIS Sulweau)s 03PIA JO Japinoid ajeds-adie|

3541} 9Y3 dW0d3q 03 uofyisodoid anjeA siy3 wo.y Aeme parow sey Xi|J1dN
‘s1e9A 3y} JOAQ "elpaw |edisAyd Uo paJols SSIAOW JO [JUSL Y} UO
paseq AjjeuiS1LI0 Sem [9pow ssauIsng “XIPIBN SuO[3N|OS SAIFeAOUU]
3ul19)J0 AQ S15W0ISND JO Spasu ay3 AJsies o} uoiisodold anjeA Jivy3 Jo
Med |ea3ajul ue se S9DIAIDS JO S3[es ay} YUm sjonpoud |edisAyd jo sajes

3yj JuswiSne Jo woJj uolsuel) o} saigojouyday [e}Ip asn suoljesiuesio,, (6TOT) IEIA

«'ON[BA SS3UISN( SSISSE 0] JOPJO Ul DUBWLIOLId [eIdueUly 0 payul|
9 Ued suoldesjul 13l ddns pue JaWo3snd Wouj s}jauaq |euoiesado
panoidwi ay] “sapis Jajddns pue Jawo3snd Yyjoq uo s}ijauaq |euoiesado
s|iejus DO ‘@Jojaiay] "AjeAo| pue ‘@usuadxe 3ulAng ‘uoljoeysijes (¥002)
J3W03snd uo 3oedwl 30a41p e aAeY sal|igeded jeuoijewojul paosdwi -, ‘le 39 enueg

~SjuSWERl}
MB3U JO JUBWAULRI pue USISap ay3 404 ejep |euoippe Suipirold

suopjeyonb aApessn

(penunuod) zv 314VL



13652575, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/i5).12531 by The University Of Manchester, Wiley Online Library on [03/06/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

WILEY_L_*

ASHRAFI ET AL

(ssnunuo)d)

sa|3ojouyda}

[en31p Aq

pajgeusa swJoy

|euorjesiuesio
MaN

(A1o323feny

ydueasau)
uolsuswip
91e82483y

adoos
pue a|eas
4O SoJwou023

Ajsejnpow
|ea13ojouyda |

adoos

pue s|eds jo

SJlwouody

)

Ajuejnpow
|ea13ojouyda |

adods
pue 3|eas
JO SoJwou0d3

(suondwnsse

pIaY) s2pod
J3pi0 puodag

agbuipIsns aq 03 SWISIUDYIAW 2IUDUIIAOE

Jo 3as 21J12ads b aiinbai Inq sainipd paiy3 pup

S}I0MJBU |DLINBUBIAIUS S04 UoIIpAOUUI
painquisip ‘uado ajqpua swia}sAsoda wiojivld

‘(sddp awioy JpWs R sia3aW ABIaua

ubws “8°3) aBlawa 0] uolyisodoid anjpA

2102 D J0J g 224n0Sa1 UO Spuadap Y/ 224n0sal

IbY3 Yons (sdnipis Suipn|oui) switf asiaAlp

Jo sanigodpd pup sa21nosal Jo uolpsipIdads
-0 3y} uo puadap sdiysuolpjal wajsAsod]

2d02s pub 3|ps JO SaIUIOU0ID 2IDI2UAE UDD
1DY] 22IAI2S-D-SD-210M3JOS Bulpnjoul ‘Sfppow
$52UISNG MaU pajqpua sby ABojouydal [p3IBIa

S12DW IDJIWIS
ul pajpiado Ajjpuoijippi} Jou aAbY 1Yyl
Sa1ubdwod Uaamiaq UaAa AIpAL BulAjisuajul
‘592IAJ3S [DIBIP 0] s3onpo.d |paisAyd
wo.j pup [pgo|8 03 [p20] W0 uoi}3aduwiod
Jo aunjpu ay3 paubyd spy ABojouyday |puBIq

(suondwnsse asnoy-ul) S9pod I9pJo 3sii4

-wuoyjeld IIAA Y3 0] S19sN-pus aJow

1oe433€ 03 dj3y ‘uIn} Ul ‘piNoM sjuswS|dwod JO UoISIA0Id pasesudul

sIy3 ‘sowe309apIA a|qiredwod-IA dojaAsp pue wuojield 1IAA 93 ulof

0] (s4odojaAap awes 03pIA ‘949Y) S9DIAISS 10 Ss}onpoud Asejuswajdwod

J0O 549dOJ2ASP J0) SDAIUSIUI SY3F SUISESIDUI JO 12943 SY] SARY [[IM

(s4swes) s1asn-pus Jo aseq paj|eisul Ja3.1e| Ajleiul ue yim pamopus
(9]0su0d awes3 IIN\ OpuauIN a1 a|dwexs JoJ) wuojield |esidojouydas e,

sdnuy| pue uneag se yons siadnpo.d
apIsIno Jolew Ag paonpoud ‘sajnsded asay) 404 saulydew pasijerdads
-02 Jo u3isap ayj 3uideinodus (spod uaje| pue) soinsded ojul 99JJ0d
ay3 3uind Aq os pip Asy] -di410ads wayy Supjew pue suiydsew Supjew
-99JJ0D puUe 99JJ02 U99M](] Saljlejuawa|dwod dusuad sy Sunjel

Aq Ajasioaad sjun ajgejryo.ad 3sow S93SON JO SUO 0Jul M3 “** ‘0ssaudaN,,

. SD13S1U910.IBYD UISY] UO Paseq s1swo)snd Jo sdnoud oiy1oads
AJaA 19384€) Jey) s3onpoud aydiu 93eaJd 03 }93Jew ay3 03Ul Sjuesud
M3U pamo||e sey siy] (219 ‘pno|D 33009 ‘SaJIAISS gIAA UozZewy
BIA) 24nJoNJjseljul 9|geleds Ajises pue ‘(310 MOoJJIosu)r MMM ‘9ouadl||a3ul
aulydew poddns 03 Ateiqi| MOJJIOSUS | SY3 “3°9) 9418M]JOS 324N0OS
-uado Jo asnedaq 3uiddolp uedaq dn-1ae3s Yooy e ydune| 03 3502 3y,

M3U AjpJipus

948 OYM ‘Ul SuIAOW S101139dWOD MBU SABY NOA ‘il Swes ay1 1y [ ]

-a8ueyd Aj[ediseq SISWO03SND S49YM UOIJENS € Ul 948 NOA ‘MO "dwes
SU3 paulewal SjpuUBYd S9|es pue ‘s1awolsnd ‘sjonpoud sy ‘sed ayi ul,,

. S3I}IAIIO. Uleyd-aN|eA JO A}aLIeA

e 1oddns 03 SWa)SAS SNOLBA 309UU0D 0} A[9)|I| 10w dJe sajuedwod

‘w.ojie|d piepuels usado ‘pajgeus-1aulalul Y3 JOAO pajesiw aue

S11IAI10B $S3UISNG PALISISAIP SE ‘IayLIn4 "SSaUSAIIID)49-150D Suisealdul

suopjeyonb aApessn

(PenuRUOD)

(#T02) 1ome

(8102)

‘|e 39 sapiqoder

(8T02)
‘|e 39 JaquioD)

(6102)
198e M\

pue Jaulepn

cv 3lavi


http://www.tensorflow.org

13652575, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/i5).12531 by The University Of Manchester, Wiley Online Library on [03/06/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Se uoljeAouu|

painquisip ‘uado ajqpua swajsAsoda Wiofiv|d

3|qpuIbIsns ag 03 SWSIUDYIAW JOUDUIIAOS

1eusSIp yons Aq pajqeus SI S9AI3I3]|0d SUOWe UOI}eIoqe||od™

"~ sdnou3 padejueapesip

uoinoe
9A1309]|00 J0 335 al1dads v alinbaJ Ing saizvd paiy3 pup 0} SS920€ JIPIM IS ‘s}asse asIHSIp ‘A}undas aaoadul ‘s3S00
painqguisip SYIOMIDU |DLINURIARIIUD SSOIOD UOIIDAOUU] pajeldosse pue SaleIpauLId}Ul JO JaquINU Y3 3NpaJ ‘93UeydXa Jo

se uojjeaouu|

Ajueinpow
|ea13ojouyd9 |

painquisip ‘Uado ajqpua sWwasAs0da Wiofivld

‘(sddp awioy 3bwis ® sia3aW ABJaua

Jpws “8°3) aBiawa 03 uoljisodo.d an|pa

2102 D J0J g 224n0Sal UO Spuadap Y/ 224nosal

1bY3 Yons (sdnipis Suipnjoul) swiilf asiaAlp

Jo saniigodpd pup sa24nosal Jo uolpsipIdads
-02 2y} uo puadap sdiysuolipfal waisAsod

paads ay3 aseaJdu| 03 ‘asiwoud 1eaJs In0 Spjoy 24NJONJISELUl Uleydydo|d,,
.~Jaumo Jo 3soy wuojield
9U3 40} SJUJ SS2IX SUIAISS OS|e 3|Iym ‘suoiyisodoid anjeA asIaAIp
pue 3|di}nw uo paseq swaIsAs0a sajowold ssauuado Yong ‘s309440
J0M]BU 3PIS-SSOID PUE IPIS-SUWIES UJO( S9JBI2US OYM SISSILIDAPE
pue siawnsuod joeJ3je Asyy ‘sadejdiaysew uoljedidde uo papeJy

9( 0} SIJIAISS pue suoljed)jdde mau 23ea.d S12dojSASp SIEMOS SYY,,

<
& . (peISuadQ “8-9) elpaw |e1d0s pajedipap pue
_M_. uoinoe 3|gbuIpIsNs aq 03 SWISIUDYIIW JIUDUIGAOS ‘saoedsJasiew [eusSIp (9417 pU0daS “8°3) SPOM [ENUIA ‘(JaeISYDIY “8°)
T 3A1309]|00 40 335 a1f1dads b a4inbai Inq saipd paiy3 pub Suipunypmo.d ‘(Japo)) do| “8-3) Su1PINOSPMOJD (qnHID “8§'3) swioseld
< painqguIsIp SYIOMIDU |DLINAUDIAIIUS SSOIID UOIIDAOUU] UOI3NJX3 YoM pue Sulieys a3pajmous| se sajjjigeded [ednjoniiselju (£102)
, |33 uesiqueN

(8702) 'le 30
saplunuelsuo)

uondy
painqisia
se . uonedpijed
uoljeAouu| *2]qpuIpIsns ag 03 SWSIUDYIAW 3DUDUISAOS JO 24n32331Y2Je,, 3yl adeys Ay pjnod (Wa3sAS UIDINOSPMOID
3 Jo 325 o1f1ads b aunbai Inq saipipd paiyl pup “8'9) aunonuisedjul [e131p syl Agq palalio suolduny Mau ‘9duiexs 4oy
Ajlieinpoln S}I0MI3U |blINaUIda1]Ua SS042b UoIpAOUUI —Aduade [elinauauidaJsius paInguasip 4o ainjeu ayl pue adods sy adeys (£102)
|eai8ojouyda | painquisip ‘uado ajqpua swia}sAsoda wiojipld  Ajjejuswepuny pjnod sai3ojouydal [ensip Suljgeus ay3 JO SolsuldeIeyd T, uesiquieN
. uoljeaouul
|SpOW SSaUISNQ Ul SAI309)49 S10W 3W029(q WS)SAS0I3 |eLInauaidaijus
a3 Jo syuednddo |je djay ||im 23pajmoud| yans Jo Sulieys |edoadidal
pappp aq upd spuawa|duwiod se ‘saoualladxa 419y 24eys 01 SAIIUSIUI Ue dARY ||IM uollejuauwadxe
Appd paiy3 yaiym uodn syuauodwiod |[9pow ssauisng 40} swaojie|d [ey3ip 3uiiojdxs sainjusA
adods 2102 Jo 135 b sapiroad wlf gny b Agasaym MB3U ‘}SeJjuod uj “Jayjoue auo jsuieSe a32dwod Aj3oaJ1p Jou op AjjedidAy
pue s|eos —UuoIIDSIUDBIO-DIdW JO 3dA) b—SWaISAS0da SW9)SAS0I3 |eLINBUSIdSIIUS Ul SSINJUSA MAU ‘S}ayJew JO S3uUel apIMm (8102)
4O SoJwou023 wojip|d 03 asu sanlB ABojouyoay |puBIq e u| suosodoud anjeA Jo AjalieA apim e Joddns ued swuiojield [e3sip sy, ‘le 3@ oiny
suonjejonb aAnessn Iy

(A1o323feny (suondwnsse (suondwnsse asnoy-ul) S9pod I9pJo 3sii4

ydueasau) pI2Yy) sapod
uoisuswip 19pJo puodag
9)e82433y
(ponupuo)) zv 314Vl

© | WILEY



13652575, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/i5).12531 by The University Of Manchester, Wiley Online Library on [03/06/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

g (senunuo))
Ayjuapi 1oy s3s93U0 I JI pajsisal
1a 10 A3juap! [pUoIIDSIUDSIO YIIM SUSID 3
Vl ul diysispes) JI pajgpua aq Apw | q *SIapjoyaypIs J3y10 pub (6007 ‘sesdu]) ..28ueyd 03 Juswipadwi uou)s e
E pue ‘@unynd ‘s12W03sNnd ‘siauiibd Aq 03 pajopad Ajpulaixa 9]e242 JX2jU0D |ea130j0uyda) pue AJIsnpul 8y} pue ‘uoiloe |euollesiuesio
— ‘Ajauapl 0S|b Inq “I0M JO 21n3[Nd ay3 Ul paipoquia ‘AJ3uspl Suowe solweuAp Su1d1ojulai-4|as ay3 “* “uolreddijed
- |euoijesiuegio ejaul pup juawaSpubw Joluas Aq pautjap apn|2a.d Aew sau1noJd paysi|gelss Jo }1 Jo suoljelaldialul Jnojod Aew
W Jo sjoa vy |euonjesiuesiQ Aljpuiajut y1oq si A}auap! |puolpsiupsIQ sJa1|9q paseq-Ajuapl ‘padijou si Aojouydal 3uidus|(eyd-A3juspl USYAA,, (6007) sesdu|
.A80jouyday ay3 aSueyd Aay3 op Jo ‘auiznod
a3 a3ueyd Asy3 o "9210yd e aAeY ASY3 Jey) Swass 1 ‘sad13oeld YoM
11943 98ueyd 01 Ysim pue sa130|0uyda] 9|gIXaf) pUe SaulINo. 3|qIXa|)
y1oq yum xaom sjdoad usym ‘sny] ‘s3uiyl mau ssop A3ojouyday
510190 12Y30 YM S3|88nJ3s 33 ey} 0s sa4njeay |elsjew Jiay) aun3yuodad pue ‘udisapal ‘JuaAulal
Jamod pup sppuaBp [paijjod J1ay3 Buipnjoul 0} $921n0sa. 9AeY 9|doad ey asuss sy ul 3|qixa|) Ajuiseatoul
1 Buisn asoy3 03 |puollb|a. s1 3 $22139p.4d os|e aJe s2130|0Uy29 ] "Op P|NOYS SUIIN0J 8Y3 Jeym Jo Suipuelsispun
saouepJloye )I0M BuI3SIXa WIoJSup.) UbI 1Dy UOIID peo.q ay3—sanijenb aAISUSISO s3I Sulule] ulew ||13s 9|IyM—uolidesaiul (TTO2)
|euonne|ay JoJ saijiunyioddo spiojjp ABojouyday |pusIq |e120s Jo suiapjed Jisyj—auino. e Jo aduewsopiad ayj Jojje ued ajdoad -, IpJeuoa
«"'SI9SMOIQ gIAA 4191 01Ul BLIS1LID Ydueas
Jejnoiied Ja3us oym plaom ay3 puno.e sjdoad Jo suol|jiw 3yl pue
‘Aep A1ana saSed gapn a3epdn pue a3eald 03 siaindwiod asn oym ajdoad
JO suoj||iw ay3 uo spuadap uofjesado asoym pue “** s193ndwod uo
s9o130e4d HIom 3u1IN29Xa ‘s19auI3Us 91eM3Jos Ag pajepdn pue uslIM Spod JaINdwod
10 Ajljeuonejal '51019D 13410 YUM S3|BBNIIS 3uljieius ‘ .umop Aem auy |[e,, [eLia3ewold0s S| auidua ydJess 3|3009) ayl
a3 pue Jamod pup sppuaBp [paijjod J1ay3 Sulpnjoul UM P3]2NPpUod Yd1ess gaAA  'SI19Sh 0] pauinial aJe jey) synsal ayj
saouepJojje 1 Buisn asoy3 03 |puollbja. s1 3 $221390.4d pue ‘paulejulew pue 3ing aJe Jeyl saxapul pue saseqelep ayj ‘ouidus
A30jouy29] saouepJloye )I0M BUIISIXa WIOJSUDJY UDI 1Dy UOIIID yoJeas a3 Jo uoljesado ayy adeys apod-ul-pappaguia-se-sadloyd (8002) 11025
1eysiq |euoneoy 10/ saijiunyioddo spiojjp ABojouyday |psIq JO 39S B ‘pa3Ndaxa Sl 40 Sund,, S1eM}0Ss SUISUS UDJIESS J9UISIU| USYM pue SMOoIlI0
uoljoe agbuipIsns aq 03 SWISIUDYIAW 2IUDUIIAOE
9A1329]|02 Jo 35 o1J10ads b auinbai 1nq salipd .(sIndino uoneAouul) suolNQLIIUOI S Jayjoue
painquisip PAIY3 puUD SHI0MI3U [DLINBUBIARIIUS SS040D SUO (JUSWa|dwod pue) uo p|iNg O3 SIIIUS [BUIR)XS J0) SMO||e wuojed (6102)
Se uoneAouu| uolbAouU] uado sajgbua SWalsAso2a wiofibld |e3131p e alapun Jeyl ainjdaliydJe [edi3ojouydal syl Jo ssauuado v, | 39 uesiquieN
(A1o323feny (suondwnsse (suondwnsse asnoy-ul) S9pod I9pJo 3sii4 suoijejonb aAnessn IPIY
3 ydueasau) pI2Yy) sapod
& uoisuswip 19pJo puodag
W a1e82138y
I
< (ponupuo)) zv 314Vl




13652575, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/i5).12531 by The University Of Manchester, Wiley Online Library on [03/06/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

ASHRAFI ET AL

2 | WILEY

‘(s1auipd ABojouyday [pBIp Jo sanljiqodpd

aY3 JsUIbBD) Aj|bulaixa pup (sa22139pid pub

eluaul Sa131[igpdp? [puoIILSIUDEIO JSUIDED) AljbUla3ul
|euonjesiuesiQ pasiwiiBal aq 1snw ABojouyday [pusIg

*1@ Jo sassaooid

adbys suoIILSIUDSIO UIYIM SWSIUDYIIW

elaul 1043U02 pub (S}UN ssauisng 4o suoissajoid
|euonjesiuediQ uaamjaq “83) uoianqusip Jamod ‘sanjpA 210

A33uap) 3y} 352300 31 JI pajsisal

10 A3uap! [puoipsIUDEIO Yum susip 3

J1 pajqoua aq Abw | q *S1apjoyaxbIs 1aYy3o pup

‘s1aW03snd ‘siauiipd Aq 03 pajobad Ajjpuialxa

0S[b INg YIOM JO 24n3|N2 Y3 Ul palpoqLua

elusul pubp JuawaBoupwi Jojuas Aq pauljap
|euoljesiuediQ Al|puiaiul yjoq st Ayauapi [puoIpsiupsIQ

(s1auzapd ABojouyday |p3IBIp Jo sallljiqpdpd

aY3 JsuIbBDp) Aj|bulaixa pup (sa2139pid pub

Sa131j1qpdpd [pUOIIDSIUDBIO JSUIDED) Al[pUiaIUL
pasiwiiBal aq 3snw ABojouyday [puSIg

(A1o323fen (suondwnsse (suondwnsse asnoy-ul) S9pod I9pJo 3sii4
ydieasau) play) sapod

uoisuswip 19pJ0 puodas

9)e82483y

1siuedio

Jo sAem pue suoijoe Jejndijed jo—Adew3i3a|—|eaosdde |eidos

93 pue suolje3dadxa |e1nos Aq paulesisuod Ajsnolias aJe suonesiuediQ

*JX93U09 |BUOIINISUI SIY3 JO SDU3NJUI BY3 JO JUNOIIE Sulye] JNOYUM
pOo03sJapun 3q Jouued suoljesiuedio ‘SAI3adsiad [euoiniisul ue woid,,

SMO|JI0M

41343 S}14 3539 Jey3 uoin|os | |H a3 y21d 03 pasu sad13oeud |edipaw

pue sjejdsoy pue ‘SMmojIoM [ealul]d 3oddns 19339q 03 pausisap o 0}

paau swialsAs YHI ‘snyy "asn |njSuiuesw 3ulAalyde 0} Ay 3y} 3q ||om

Jy3iw douew.o0Iad 191394 J0) SMONIOM Ajlep ojul | [H JO uoljeziuiznod

‘910J243Y ] ***"AJUSID14JS S2UBYUS PUE HSLI SSIWIUIW O} SMO|JIOM

3ulziuiInoJ Je pawie aJedyjieay ul ainynd 3uoJis e sfausyy

*MOjpdoM s,uedisAyd ayy Jo [9A3] aY3 Je SisAjeue sndoy o3 si yoeoudde
3uisiwoud suo ‘suojeddde | |H juswsldwi pue 19|9s ‘udisap djay o] ,,

. PHom [je}8ip] s1y3 puelsiapun

3,uop 31snf Asyj pue ‘sua8euew s|ppiw Jo ssew asny ay3 aSueyd

0} 9|qe uaaq j,usey ay g "doj A1aA ay3 e aun3nd ay3 aSueyd o3

9|ge uaaq sey Jaysi4 "Auedwod ymoi3 yd93-ysiy e ojul 3epoy| uiny o}
$110442 S,J9Ysi4 apadwi 0] SaNUIRUOD 34n3 Nd SuLIN}deNUEW dUl|-P[O 3Y ] ,,

(6007 ‘sesdui]) . uonesiues.io ue jo Jed ayj uo
UOoI30€ 33eWI}S3| S9IN}IISUOD JeUM INOGE SISPISINO pue SISpPISUl Y3od 40}
juiod |edoy4 e Suipiaoud ‘9jod Suljeulpaood e SaAIRS Ajjuapl |euoljesiuedlo,,

suopejonb aApessn

(8102)
‘[e 32 sSululH

(oT02)
‘le 19 jemueldy

(6002) Yoo
pue ar sean

(penunuod) zv 314VL



13652575, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/i5).12531 by The University Of Manchester, Wiley Online Library on [03/06/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

WILEY_L %

's3110303(eJ} Y30q WOy

SawWay] PaJaA0d pue saded MalAal e S| 3l Se G Sali01Ialeu] Ydoueasal Japun pade|d si (4T0Z) [BIA (2) ‘Sa1i0109(el) yloq wod) saway) paJojdxa pue saded |eliolIpa ue S| 1 se g salioldalel)
yo.easad sapun padeld si (0TOZ) ‘e 19 [emuedy (q) :sa110123(el] Y10q WoU) SSWaY) paIsAod pue Jaded malAal e SI ]I se €T salioldalel) yoeasal Japun padeld si (£T0Z) uesiquieN (e) :a30N

Ayjuapi 1y} s3sa3u0d 3 JI pajsisal

10 A31uapi [puoIIDSIUDEIO YUM SUSID 31

J1 pajgpua aq Abw | q "SIap|oyaxpIs Jay1o pub
‘s1aW03snd ‘siauyipd Aq 03 pajopad Ajjpuialxa
0S|b Inq YIOM JO 21n3[Nd ay3 ul paipoquia

elusul pup juawaspubw Joluas Aq pautjap . SODIAISS JJewsS JO JuUSWdO|DASP Y3 Japuly Jey} sialiieq
|euonjesiuedio Aljpuiaut yioq si A313uapl |puolIbsIubEIO |euoi3n}ijsul 3uoJls w0y Adewi}i3a| pue A3ijuspl ‘9unjnd |euoijesiuedio:,, (6702) [BIA
(A1o323feny (suondwnsse (suondwnsse asnoy-ul) S9pod I9pJo 3sii4 suoijejonb aAnessn IPIY
ydJeasal) pIaY) sapod
uoisuswip 19pJo puodag
9)e82433y

(penunuod) zv 314VL

ASHRAFI ET AL



	Mobilising new frontiers in digital transformation research: A problematization review
	1  INTRODUCTION
	2  A PROBLEMATIZATION REVIEW OF THE LITERATURE ON DIGITAL TRANSFORMATION: IDENTIFYING KEY RESEARCH TRAJECTORIES AND ASSUMPTIONS
	2.1  Inherent value of problematization reviews
	2.2  Corpus building
	2.3  Research trajectory 1: Digital technology architectures
	2.4  Research trajectory 2: Digital business models & new forms of value creation
	2.5  Research trajectory 3: New Organisational forms enabled by digital technology
	2.6  Research trajectory 4: Digital technology affordances and the relationality of work practices
	2.7  Research trajectory 5: The role of organisational identity, culture, & leadership in DT

	3  CONSTRUCTING THEORETICAL CONTRIBUTIONS IN DT RESEARCH
	3.1  Synthesising knowledge
	3.2  Extending knowledge
	3.3  Negating knowledge
	3.4  Filling incomplete knowledge
	3.5  Identifying oversights
	3.6  Pointing at the incommensurability of our knowledge

	4  DISCUSSION AND IMPLICATIONS: MOBILISING OUR FRONTIERS
	4.1  When is technological modularity generative?
	4.2  How do emerging digital technologies generate new forms of network economies?
	4.3  How do we organise distributed innovation with algorithmic technologies?
	4.4  When do data become valuable and with what consequences?
	4.5  What possibilities of action can we perceive?
	4.6  Where is inertia and transformation constituted?

	5  CONCLUSION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES
	APPENDIX A


